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NEC Electronics Inc. Errata 


These corrections are applicable to the Package Draw- _e Sections 16 and 29, pages 7, 8, and 12: 


ings, Section 16 in Volume 1 and Section 29 in Volume In the descriptions of the affected devices, change 
2. Devices affected are the 256K x 16/18 DRAMs listed “300-mil” to “400-mil”. 
ElOW: e Sections 16 and 29, page 52: 
uMPD424170A uUPD42S4170A Replace the 300-mil package drawing with the 
190A 190A 400-mil package drawing below. 
260A 260A 
268A 263A 
280A 280A 
yPD424170L yuPD42S4170L 
190L 190L 
260L 260L 
263L 263L 
280L 280L 


44/40-Pin Plastic TSOP Il (400-mil) 


item Millimeters Inches 
A 18.81 max .741 max 
1.00 max .039 max 
0.8 (TP) -031 (TP) 
0.30 + 0.10 012 + .004 
0.05 + 0.05 .002 + .002 
1.10 max .043 max 
0.97 .038 
11.76 + 0.2 .463 + .008 
10.16 + 0.1 400 + .004 
0.8 + 0.2 .031 + .008 


+0.10 + .0046 
0.125 * 0.05 005 * ‘002 


0.5 +0.1 
0.13 005 
0.1 004 
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Section 1. General information 
Upcoming Products 

Manufacturing in Roseville, California 
Device Numbering Guide 
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Quick Reference Guide 


Section 2. Reliability and Quality Control 
Built-in Total Quality Control (TQC) 

Approaches to TQC 

Implementation of Quality Control 

Reliability Theory 

Failure Analysis 

Summary 

Figure 1. NEC's Quality Control System 

Figure 2. New Product Development 

Figure 3, Electrical Testing and Screening 

Figure 4. Reliability Life (Bathtub) Curve 

Appendix 1A. Typical QC Flow for CMOS Fabrication 
Appendix 1B. Typical QC Flow for PLCC Assembly/Test 
Appendix 2. Typical Reliability Assurance Tests 
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Appendix 3. New Product/Process Change Tests 
Appendix 4. Failure Analysis Flowchart 14 


Section 3. 256K DRAMs 

»PD Organization Features 

41256 256K x 1 Page; NMOS 3a 
41464 64K x 4 Page; NMOS 3b 
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Volume 1 (cont) 


Section 4. 1M DRAMs 


pPD Organization Features 
421000 1Mx 1 Fast-page (See App Note 53.) 4a 
424256 256K x 4 Fast-page 4b 


Section 5. 4M DRAMs (4M x 1 and 1M x 4) 


pPD Organization Features 

424100 4M x 1 Fast-page 5a 
424100A 4M x 1 Fast-page 

424100L 4M x 1 Fast-page; 3.3-volt 

42S4100A 4M x 1 Fast-page; self-refresh 

42S4100L 4M x 1 Fast-page; self-refresh; 3.3-volt 

424101 4M x 1 ‘Nibble 5b 
424102 4M x 1 Static-column 5c 
424400 1M x4 Fast-page 5d 
424400A 1IMx 4 Fast-page 

424400L IMx 4 Fast-page; 3.3-volt 

4254400A I1Mx 4 Fast-page; self-refresh 

42S4400L IMx4 Fast-page; self-refresh; 3.3-volt 

424402 IMx4 Static-column 5e 
424410 iIMx4 Fast-page; write-per-bit 5f 
424412 IMx4 Static-column; write-per-bit 5g 
424440 1Mx4 Fast-page; 4 CAS 5h 
424440L 1IMx 4 Fast-page; 4 CAS; 3.3-volt 

4284440 1IMx4 Fast-page; 4 CAS: self-refresh 

42S4440L 1Mx 4 Fast-page; 4 CAS; self-refresh; 3.3-volt 
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Volume 1 (cont) 
Section 6. 4M DRAMs (512K x 8/9) 
pPD Organization Features 
424800A 512K x 8 Fast-page 6a 
424800L 512K x 8 Fast-page; 3.3-volt 
42S54800A 512K x 8 Fast-page; self-refresh 
42S4800L 512K x 8 Fast-page; self-refresh; 3.3-volt 
424810A 512K x 8 Fast-page; write-per-bit 6b 
424810L 512K x 8 Fast-page; write-per-bit; 3.3-volt 
4284810A 512K x 8 Fast-page; write-per-bit; self-refresh 
42S4810L 512K x 8 Fast-page; write-per-bit; self-refresh; 3.3-volt 
424900A 512K x 9 Fast-page 6c 
424900L 512K x 9 Fast-page; 3.3-volt 
42S4900A 512K x 9 Fast-page; self-refresh 
42S54900L 512K x9 Fast-page; self-refresh; 3.3-volt 
Section 7. 4M DRAMs (256K x 16/18) 
pPD Organization Features 
424170A 256K x 16 Fast-page; 2 WE; 1K refresh 7a 
424170L 256K x 16 Fast-page; 2 WE; 1K refresh; 3.3-volt 
4254170A 256K x 16 Fast-page; 2 WE; 1K refresh; self-refresh 
4284170L 256K x 16 Fast-page; 2 WE; 1K refresh; self-refresh; 3.3-volt 
424190A 256K x 18 Fast-page; 2 WE; 1K refresh 7b 
424190L 256K x 18 Fast-page; 2 WE; 1K refresh; 3.3-volt 
4284190A 256K x 18 Fast-page; 2 WE; 1K refresh; self-refresh 
42S4190L 256K x 18 Fast-page; 2 WE; 1K refresh; self-refresh; 3.3-volt 
424260A 256K x 16 Fast-page; 2 CAS; 512 refresh ‘7c 
424260L 256K x 16 Fast-page; 2 CAS; 512 refresh; 3.3-volt . 
42S4260A 256K x 16 Fast-page; 2 CAS; 512 refresh; self-refresh 
42S4260L 256K x 16 Fast-page; 2 CAS; 512 refresh; self-refresh; 3.3-volt 
424263A 256K x 16 Fast-page; 2 CAS; 512 refresh; write-per-bit 7d 
424263L 256K x 16 Fast-page; 2 CAS; 512 refresh; write-per-bit; 3.3- 

volt 
42S54263A 256K x 16 Fast-page; 2 CAS; 512 refresh; write-per-bit; self- 
refresh 

4284263L 256K x 16 Fast-page; 2 CAS; 512 refresh; write-per-bit; self- 


refresh; 3.3-volt 
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Volume 1 (cont) 


Section 7. 4M DRAMs (256K x 16/18) (cont) 


pPD 
424280A 
424280L 
4284280A 
4254280L 


Organization 
256K x 18 
256K x 18 
256K x 18 
256K x 18 


Section 8. 164M DRAMs 


pPD 
4216100 
4217100 
4216101 
4217101 
4216102 
4217102 
4216400 
4217400 
4216402 
4217402 
4216410 
4217410 
4216412 
4217412 
4216800 
4216800L 
42816800 
42S16800L 
4217800 
4217800L 
42817800 
42S17800L 
4216802 


Organization 
16M x 1 
16M x 1 
16M x 1 
16M x 1 
16M x 4 
16M x 1 
4M x 4 
4M x 4 
4M x 4 
4M x 4 
4M x 4 
4M x 4 
4M x 4 
4M x 4 
2M x 8 
2M x 8 
2M x 8 
2M x 8 
2M x 8 
2M x 8 
2M x 8 
2M x 8 
2M x 8 


Features 


Fast-page; 2 CAS; 512 refresh 
Fast-page; 2 CAS; 512 refresh; 3.3-volt 
Fast-page; 2 CAS; 512 refresh; self-refresh 
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Fast-page; 2 CAS; 512 refresh; self-refresh; 3.3-volt 


Features . 
Fast-page; 4K refresh 
Fast-page; 2K refresh 
Nibble; 4K refresh 

Nibble; 2K refresh 
Static-column; 4K refresh 
Static-column; 2K refresh 
Fast-page; 4K refresh 
Fast-page; 2K refresh 
Static-column; 4K refresh 
Static-column; 2K refresh 


Fast-page; 4K refresh; write-per-bit 
Fast-page; 2K refresh; write-per-bit 
Static-column; 4K refresh; write-per-bit 
Static-column; 2K refresh; write-per-bit 


Fast-page; 4K refresh 


Fast-page; 4K refresh; 3.3-volt 
Fast-page; 4K refresh; self-refresh 
Fast-page; 4K refresh; self-refresh; 3.3-volt 


Fast-page; 2K refresh 


Fast-page; 2K refresh; 3.3-volt 
Fast-page; 2K refresh; self-refresh 
Fast-page; 2K refresh; self-refresh; 3.3-volt 


Static-column 


8a 


8b 


8c 


8d 


8e 


8f 
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8h 


8i 


N: fo C Contents 


Volume 1 (cont) 


Section 8. 16M DRAMs (cont) 


pPD Organization Features 

4216900 2M x 9 Fast-page; 4K refresh 8j 
4216900L 2M x 9 Fast-page; 4K refresh; 3.3-volt 

42516900 2M x 9 Fast-page; 4K refresh; self-refresh 

42S16900L 2M x 9 Fast-page; 4K refresh; self-refresh; 3.3-volt 

4217900 2M x 9 Fast-page; 2K refresh 

4217900L 2M x 9 Fast-page; 2K refresh; 3.3-volt 

42517900 2M x 9 Fast-page; 2K refresh; self-refresh. 

4281 7900L 2M x 9 Fast-page; 2K refresh; self-refresh; 3.3-volt 

4216902 2M x 9 Static-column | 8k 
4216160 1M x 16 Fast-page; 4K refresh 8l 
4216160L 1M x 16 Fast-page; 4K refresh; 3.3-volt 

42516160 1M x 16 Fast-page; 4K refresh; self-refresh 

42516160L 1M x 16 Fast-page; 4K refresh; self-refresh; 3.3-volt 

4217160 1M x 16 Fast-page; 2K refresh 

4217160L 1M x 16 Fast-page; 2K refresh; 3.3-volt 

42517160 1M x 16 Fast-page; 2K refresh; self-refresh 

42817160L 1M x 16 Fast-page; 2K refresh; self-refresh; 3.3-volt 

4218160 1M x 16 Fast-page; 1K refresh 

4218160L 1M x 16 Fast-page; 1K refresh; 3.3-volt 

42518160 1M x 16 Fast-page; 1K refresh; self-refresh 

42$18160L 1M x 16 Fast-page; 1K refresh; self-refresh; 3.3-volt 

4216180 1M x 18 Fast-page; 4K refresh 8m 
4216180L 1M x 18 Fast-page; 4K refresh; 3.3-volt 

42516180 1M x 18 Fast-page; 4K refresh; self-refresh 

42S816180L 1M x 18 Fast-page; 4K refresh; self-refresh; 3.3-volt 

4217180 1M x 18 Fast-page; 2K refresh 

4217180L 1M x 18 Fast-page; 2K refresh; 3.3-volt 

42517180 1M x 18 Fast-page; 2K refresh; self-refresh 

42817180L 1M x 18 Fast-page; 2K refresh; self-refresh; 3.3-volt 

4218180 1M x 18 Fast-page; 1K refresh 

4218180L 1M x 18 Fast-page; 1K refresh; 3.3-volt 

42518180 1M x 18 Fast-page; 1K refresh; self-refresh 

42518180L 1M x 18 Fast-page; 1K refresh; self-refresh; 3.3-volt 
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Section 9. DRAM Modules (256K/512K x n) 


MC 


-42256AB8 
-42256AB9 
-42256A32 
-42256A36 
-42256AA40 
-42512A32 
-42512A36 


-42512AA40, 
-42512AB40 


Organization 
256K x 8 
256K x 9 
256K x 32 
256K x 36 
256K x 40 
512K x 32 
512K x 36 
512K x 40 


Features 

Fast-page 
Fast-page 
Fast-page 
Fast-page 
Fast-page 
Fast-page 
Fast-page 
Fast-page 


Section 10. DRAM Modules (1M/2M x n) 


MC 


-421000A8 
-421000A9 
-421000A32 
-421000A36 


-421000AA40, 
-421000AB 40 


-422000A32 
-422000A36 
-422000AA40 


Organization 
iMx8 
IMx9 

1M x 32 

1M x 36 

1M x 40 


2M x 32 
2M x 36 
2M x 40 


Features 
Fast-page 
Fast-page 
Fast-page 
Fast-page 
Fast-page 


Fast-page 
Fast-page 
Fast-page 
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9b 
9c 
9d 
9e 

Of 
9g 
9h 


10a 
10b 
10c 
10d 
10e 


10f 
10g 
“10h 
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Section 11. DRAM Modules (4M/8M x n) 


MC 
-424000A8 
-424000A9 
-424000A 32 
-424000A 36 
-428000A32 
-428000A36 


Organization 
4M x 8 

4M x 9 

4M x 32 

4M x 36 

8M x 32 

8M x 36 


Features 

Fast-page 
Fast-page 
Fast-page 
Fast-page 
Fast-page 
Fast-page 


Section 12. Video RAMs (See App Notes 89-15, 89-16, 90-01.) 


pPD 
41264 
42264 
42273 
42274 
42274-80 
42275 
482234 
482235 


Organization 
64K x 4 

64K x 4 

256K x 4 
256K x 4 
256K x 4 
128K x 8 
256K x 8 
256K x 8 


Section 13. Synchronous DRAM 


pPD 

42116420 
42116820 
42116920 
42116162 
42116182 


Organization 
4M x 4 

2M x 8 

2M x9 

1M x 16 

1M x 18 


Section 14. Rambus DRAM 


pPD 
488130 
488170 


Organization 
2M x 8 
2M x9 


Features 
Page; NMOS 
Page; CMOS 


Flash-write 
Flash-write; high-performance 


Fast-page 
Hyper-page (extended data out) 


Features 
3.3-volt 
3.3-volt 
3.3-volt 
3.3-volt 
3.3-volt 


Features 
3.3-volt 
3.3-volt 
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11b 
tic 
iid 
tie 

11f 


12a 
12b 
12c 
12d 
12e 

12f 
129 
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Volume 1 (cont) 


Section 15. Application Notes 

App Note 53 UPD421000/421001/42 1002. 1-Megabit Dynamic RAMs 15a 
App Note 89-15 Computer Graphics Overview 15b 
App Note 89-16 Frame Buffer Architecture 15c 
App Note 90-01 Realism in Computer Graphics 15d 


Section 16. Package Drawings 
Device/Package Cross-Reference | 
Package Drawings (in order by number of pins) 16 
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Volume 2 


Section 17. General Information 
Upcoming Products 

Manufacturing in Roseville, California 
Device Numbering Guide 

Quick Reference Guide 


Section 18. Application Specific Devices (See App Notes 54 thru 58, 90-03, 90-06.) 


pPD Description 

42101 910 x 8-bit line buffer for NTSC TV 

42102 1134 x 8-bit line buffer for PAL TV 

42270 263 lines of 910 x 4 bits NTSC field buffer 
42271 Picture-in-picture generator 

42272 Picture-in-picture generator with color border 
42280 256K x 8-bit field buffer 

42505 5048 x 8-bit line buffer for communications systems 
485505 5048 x 8-bit line buffer 

485506 5048 x 16 line buffer 

42532 32K x 8 bidirectional data buffer 

42601 1M x 1 silicon file 

42641 4M x 1 silicon file 

42644 1M x 4 silicon file 

481440 256K x 16 graphics DRAM; hyper-page 
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18a 
18b 
18c 
18d 


18e 
18f 
18g 
18h 
18i 
18; 
18k 
181 
18m 
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Volume 2 (cont) 


Section 19. Fast Static RAMs (64K) 


uPD 
4361B 
4362B 
4363B 
4368 
4369 


Organization 
64K x 1 

16K x 4 

16K x 4 

8K x 8 

8K x 9 


Section 20. Fast Static RAMs (256K) 


pPD 

43251B 
43253B 
43254B 
43258A 
43259A 


Organization 
256K x 1 

64K x 4 

64K x 4 

32K x 8 

32K x 9 


Section 21. Fast Static RAMs (1M) 


uPD 

431001 
431004 
431008 
431009 
431016 
431018 


Organization 
1M x 1 

256K x 4 
128K x 8 
128K x 9 

64K x 16 

64K x 18 


Section 22. Fast Static RAMs (4M) 


uPD 

434001 
434004 
434008 


Organization 
4M x 1 
1M x 4 

512K x 8 


Section 23. Cache Data RAMs 


»PD 
46710A 
46741A 
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Organization 
16K x 10 bit x 2 
8K x 20 bit x 2 
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Features 

12-ns 19a 
12-ns 19b 
12-ns; Output enable 19¢ 
15-ns; Output enable, two chip enables 19d 
15-ns; Output enable, two chip enables 19e 
Features 

15-ns 20a 
15-ns; Output enable 20b 
15-ns 20c 
15-ns; Output enable 20d 
15-ns; Output enable 20e 
20-ns 21a 
20-ns 21b 
15-ns; Output enable 21c 
15-ns; Output enable 21d 
15-ns; Output enable 21e 
15-ns; Output enable 2if 
20-ns 22a 
20-ns; Output enable 22b 
20-ns; Output enable 22c 
Features 

Cache data; 12-ns 23a 
Cache data; 12-ns 23b 
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Section 24. Standard Static RAMs (See App Notes 50, 90-04.) 


puPD 
43256A 
43256B 
431000A 
434000 
MC-434000 


Organization 
32K x 8 

32K x 8 

128K x 8 
512K x 8 
512K x 8 


Section 25. ECL RAMs (10K Interface) 


pPB 
10422 
10470 
10474 
10474A 
10474E 
10476LL 
10480 
10484 
10484A 
10A484 
uPD10500 


Organization 
256 x 4 
4K x 1 
1Kx 4 
1Kx 4 
1Kx 4 
1Kx 4 
16K x 1 
4K x 4 
4K x 4 
4K x 4 
256K x 1 


Section 26. ECL RAMs (100K Interface) 


pPB 
100422 
100470 
100474 
100474A 
100474E 
100476LL 
100480 
100484 
100484A 
100A484 
uUPD100500 


Organization 
256 x 4 
4K x 1 
1Kx 4 
iKx 4 
1Kx 4 
1Kx 4 
16K x 1 
4K x 4 
4K x 4 
4K x 4 
256K x 1 


85-ns; Output enable 

55-ns; Output enable 

70-ns; Output enable, two chip enables 
55-ns; Output enable 

Module; 85-ns; Output enable 


Features 
7-ns 
10-ns 
8-ns 
5-ns 

3-ns 

6-ns 
10-ns 
10-ns 
5-ns 
5-ns 
15-ns; BICMOS 


Features 
7-Ns 
10-ns 
4.5-ns 
5-ns 

3-ns 

6-ns 
10-ns 
10-ns 
5-ns 
5-ns 
15-ns; BICMOS 


Contents 


24a 
24b 
24c 
24d 
24e 


25a 
25b 
25c 
25d 
25e 

25f 
259 
25h 

25i 

25j 
25k 


26a 
26b 
26c 
26d 
26e 

26f 
269 
26h 

26) 

26j 
26k 
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Section 27. EEPROMs 


uPD 
28004 
28005 
28064 
28C 256 


Organization 
512x 8 
512x 8 

8K x 8 


27a 
27b 
27c 
27d 


32K x 8 


Section 28. Application Notes 


App Note 90-03 
App Note 54 
App Note 55 
App Note 57 
App Note 58 


App Note 56 
App Note 90-06 
App Note 90-02 
App Note 50 
App Note 90-04 


Battery Backup Using NEC’s Supercaps 


Memory Systems Overview 

UPD42505 Line Buffer for Communications Systems 
UPD42101/42102 High-Speed Line Buffers 
UPD42101/42102/42505 High-Speed Line Buffers 


Interlaced to Noninterlaced Scan Conversion Using the 
uPD42101 High-Speed Line Buffer 


UPD42601 Silicon File 

Silicon File System Architecture 
High-Performance Memory Systems 
Battery Backup Circuits for SRAMs 


28a 
28b 
28c 
28d 
28e 


28f 
28g 
28h 
28i 
28; 


Section 29. Package Drawings 
Device/Package Cross-Reference 


Package Drawings (in order by number of pins) 
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Part Number Section 
MC-421000A32.......ccccsccessvcceeneuscccascavsuuveuseunusresenecuneees 10c 
MC-421000A36 oo... ccccccscscssscsscccceseceseeeseussensevecssnesseeees 10d 
MG-421000AS a cicccccscccccesecscestsacdsecavocseadensdeossdactdecvsnnaee 10a 
MC-421000A9 wiececcccsccssseccccsscceecccusvecsuguecessususeuseasenees 10b 
MC-421000AA4O oi. cccccccccccssscsscscesssssevessesnsvveseeneeseees 10e 
MC-421000AB 40 woes cccesseccccssssesessesscvesevcesesseececaessesees 10e 
MC-422000A 32 .....cccecsecssnsecsssceccenessescaseusenvessnsasansenees 10f 
WG ASP O DOA BG xcsscedesnca scare cunsniiadvnsnedhs aes vatateeulve 10g 
MC-422000AA4O ...cesccsscescsssssseescccsssvessessussesesecssreseess 10h 
MC-42256AS2 vicccccccceccccssescessvsveceseccsssaaauesesseneeeueneseees 9c 
MC-42256AS6 ...ccccccsessssveccesessssesesevssessvstesassenstevensees 9d 
MC-42256AA4O oc cccccsccssecsuesessccensescssesansenscesesacessnssees 9e 
MC-42256AB B uu. ..cccssssecssecevssseseccccesssesaesessessusasauseenens 9a 
MG=42256AB 9 |. svcicccvessseascessevan sna Casusaniucecistissaaessbieveieed 9b 
MC-424000A82 oo ..ecccccccccseccccsssscsssecesssceceeceeencecesusseseess lic 
MC-424000ASG .......ccccssecccssesesscsssesssenensessssnneeseusessnes tid 
MC-424000A8 oo. cccscessssssecccssececesscessseaceecnsceseasaesecnens iia 
MC-424000AQ ....cccsesscsccsesssusscssssecessessvsseecesauereusensens 11ib 
MG-4 251 PASS: ciicccastiestcaca codsaventecovessaeassnavedacseasaevdanens Of 
MORES 1 ZAG 5 isiines ccarsunsvennctonsneaievayoanntecovantinvencousrcnal 9g 
MC-4251 2AA4O ....cccsvsccsssonenversvsssersnseeusonsnesesanacnssnnenss 9h 
MC-4251CAB SD cs scaccesssssincvensovasontaacandenseaiivaiuntunuieasene 9h 
MC-428000A 32 .......cccccsssessssscusrseseseneeaeecsesssanseneseeess 1ie 
MC-428000A36 .......cccsscssecevsssnsssesecsssececcsessseesesesenens 11f 
MG +4 34000 a: c cadets ichviscctasavecdisbentees debanssoubeduavetasnevssanes 24e 
PEP SOO 22 i vesctncvaviacansivecets satauled cossoaaveanaupatecusmassenjnctes 26a 
PIP BIQOG SO soc cdazvrtsvucirueesatcazeasuccoeiss vino ¥onibicvecasceumsiveas 26b 
PIP BIQOA 74 scinsccicucscucvchasvbsvlasdusshiiees Searieaaleswaitiedastecens 26c 
MPBIOO4 (SA. ssissssarizisiscecslesitcevanieasvsigssavastdaneayanpanaeavedss 26d 
LIP B IOS 7 AE svcancsntsaseeraasioemmtneainsncteasupmeaenevicngteasgasovse vie 26e 
PIPES OOM 7 OL... iresveakalssiasudavertansnasaeteusendstuestiuseasene ns 26f 
PIPE AQO4BO  cscctsvissicasvecssasscedsecasciests vvevtebovatasnenaseessantuene 26g 
PPS TQ04S4 os sucsiisnsusrdorncstscsleiassntansuieraetonmusmenians es 26h 
PIP BAIQO4BAA, icissstiensistichenosshisssivensstnededstvansvteduborniteas 26i 
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Part Number 


UPD100500 waves 
UPD10500 ou... 


UPD28C04 vovccessseees 
UPD28C05 oo... 
UPD28C 256 .oessssees 
UPD28C64 wocescssees 


UPD41256 voces 
UPD41264 voces 
UPD41464 o.vcesescseees 


UPD421000 ou... 
UPD42101 vecssscses 
UPD42102 vesccsseenes 


uPD42116162 
uPD42116182 
uPD42116420 
uPD42116820 
uPD42116920 


UPD4216100 .......... 
UPD4216101 os... 
UPD4216102 .u.seses. 
UPD4216160 .......... 


uPD4216160L 


UPD4216180 .......... 


UPD4216180L 


UPD4216400 ......... 
UPD4216402 ......... 
UPD4216410 sss. 


uPD4216412 
uPD4216800 
uPD4216800L 
uPD4216802 
uPD4216900 
uPD4216900L 
uPD4216902 


UPD4217100 uu... 
MPD4217101 wesc. 
UPD4217102 .oessseess 
UPD4217160 w.....0... 


UPD4217160L 


UPD4217180 .......... 


uPD4217180L 
uPD4217400 
uPD4217402 


UPD4217410 un... 
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Section 


13 


Alphanumeric Index 


Part Number Section 
PR DAAT7 Al Osa ceiasacarad canes nies 8g 
HE DAZT LB00 \ccdiatcacipsnisanvaticrtratiateennarwecatcnsnsawiss 8h 
HPD4217B00L: canara vasmueeet Mannan end 8h 
MPDA21 7900: aves arnctincatGaiiianteunreneaee ue 8 
PIP DAZ TODO. csc asicciveses euctates cceintnnarnectiestamletcetessnadess 8j 
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N; KE Cc Upcoming Products 


The 1993 MEMORY DATA BOOK is for your reference. able soon. The table below gives you a preview. For 
The most complete information available at printing is further assistance, contact one of the sales offices. 
included; however, several new devices will be avail- 


Upcoming Products 





Description Device Number Comments 
DRAM SIMM Modules 
4M x 8 DRAM Module MC-424000A8BB/FB Uses 16M devices 


4M x 9 DRAM Module MC-424000A9BB/FB 
16M x 8 DRAM Module MC-4216000A8BH/FA/AA 
16M x 9 DRAM Module MC-4216000A9BH/FA/AA 
4M x 40 DRAM Module MC-424000AA 40BH/FH 
8M x 40 DRAM Module MC-428000AA40BH/FH 


Uses 16M devices 
Uses 16M devices 
Uses 16M devices 
Uses 16M devices 


Uses 16M devices 


Video RAMs 

4M Video RAM uUPD482445 256K x 16; RAM port access times to 60 ns; serial port access times to 
15 ns; 64-pin SSOP, 70-pin TSOP 

Standard SRAMs 

32K x 8 UPD43256A-10X, 12X ~—25 to +85°C; speeds to 100 ns 

32K x 8 UPD43256A-10Y, 12Y -40 to +85°C; speeds to 100 ns 

32K x 8 UPD43256B-A12 3.0 to 5.5 V; 120-ns access time 

32K x 8 uUPD43256B-B12 2.7 to 5.5 V; 120-ns access time 

128K x 8 uUPD431000A-70X, 85X, 100X —25 to + 85°C; speeds to 70 ns 

128K x 8 UPD431000A-70Y, 85Y, 100Y -40 to +85°C; speeds to 70 ns 

128K x 8 uUPD431000B-55L/LL, 7OL/LL, 85L/LL Low power; speeds to 55 ns 

128K x 8 uUPD431000B-B10, B12 2.7 to 5.5 V; speeds to 100 ns 

128K x 9 UPD431003 Low power; speeds to 55 ns; two Chip Enables 

128K x 9 UPD431003-B10, B12 2.7 to 5.5 V; speeds to 100 ns; two Chip Enables 

512K x 8 HPD434000-B15 2.7 to 5.5 V; 150-ns access time; two Chip Enables 

BiCMOS Fast SRAMs 

32K x 8 UPD46258 Speeds to 6 ns; 3.3- and 5-V versions 

32K x 9 uPD46259 Speeds to 6 ns; 3.3- and 5-V versions 

128K x 8 pPD461008 Speeds to 8 ns; 3.3- and 5-V versions 

128K x 9 uPD461009 Speeds to 8 ns; 3.3- and 5-V versions 

64K x 16 uUPD461016 Speeds to 8 ns; 3.3- and 5-V versions 

64K x 18 uUPD461018 Speeds to 8 ns; 3.3- and 5-V versions 
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ECL RAMs (10K Interface) 

1eKx4. -———~<C~Ss:i«S PDN Ty = 6, 7 ns; 28-pin PDIP/PFP 

16K x 4 - : ae es UPD1I0494LL i Teycle = 10, 12 ns; 32- pin PDIP/PFP 
32K x 9 “uP 10509 - : Teycle = 6, TDQ=3; registered /O, scannable; 82-pin PLOC 
64Kx4 ~~ MPD10504 . Bad Tan = 8, 10 ns; 32- -pin POIP/PFP i "3 





ECL RAMs (101/100K Interface). 





Kx4 — utPD101/100494 Taa = 6, 7 ns; 28-pin PDIP/PFP 

16K x 4 aie ~ PD101/100404LL_ Teycle = 10, 12 ns; 32-pin PDIP/PFP 

32K x 9 . eo pPD101/100509 Teycle = 6, TDQ=3; registered I/O, scannable; 52-pin PLCC 
64Kx4  pPDI01/100504 . Tag = 8, 10 ns; 32-pin PDIP/PFP 
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Manufacturing in Roseville, California 


The planning was completed in 1981, ground was 
broken in 1982 and products were rolling off the line 
in 1984 at our semiconductor fabrication facility in 
Roseville, California. This milestone represented 
NEC’s bold approach to “make products where the 
customer lives,” and it was the first such venture by 
a Japanese semiconductor company in the United 
States. The fore- 
sight of this decision 
has paid off hand- 
somely for NEC, its 
U.S. customers and 
for the community of 
greater Sacramento, 
the capital of Cali- 
fornia. The original 
facility has been 
manufacturing 256K 
DRAMs and VRAMs, 
32K x 8 SRAMs, 
CMOS ASICs and single-chip microprocessors using 
1.2-micron CMOS and NMOS technologies. 


Now another milestone has been reached. In No- 
vember 1991, production of the 4M DRAM began 
from a newly constructed 456,000-square-foot plant. 
Combined with the existing 220,000 square-foot fa- 
cility, NEC Electronics (NECEL) in Roseville is one 
of the largest merchant fab lines in the world, ac- 
cording to industry source DataQuest. 


In addition to the 4M DRAM, the new plant will be 
capable of producing advanced VLSI products in- 
cluding 16M DRAMs, 4M SRAMs as well as ASICs 
and microprocessors. The expanded facility will be 
able to produce 30,000 6-inch wafers per month us- 
ing 0.55-micron CMOS technology. 


The fab has been designed with the most sophisti- 
cated technology available, incorporating state-of- 
the-art environmental! controls and efficiencies. A 
considerable amount of money has been invested 
for this purpose, as NEC regards environmental con- 
servation as one of the most important international 
issues. 


When running at full capacity, equipment in place 
will allow up to 60-percent of the water used for the 
DI process to be récycled—an important benefit for 





drought-ridden California. In addition, the new plant 
has eliminated the use of chlorofluorocarbons (CFC) 
in the manufacturing process. (The existing facility 
will eliminate all CFC usage by 1993.) 


NECEL’s manufacturing presence in Roseville is of 
significant benefit to the local community as well as 
the state of Califor- 
nia. When running at 
full capacity, the 
plant will employ 
over 1,350 people, 
and nearly $5 million 
in tax revenue will 
be generated for the 
city, county and 
state. 


As one of the big- 
gest employers in 
the area, NECEL views itself as a partner with the 
local community and takes seriously its role as a 
good corporate citizen. Through numerous commu- 
nity relations activities, employees volunteer their 
time to support worthwhile educational and chari- 
table causes. The company also has a generous 
policy for contributions and donations of equipment 
and money to help maintain a high quality of life for 
the area’s residents. 


In addition to the manufacturing facility in Roseville, 
NECEL has headquarter offices in. Mountain View, 
California, in the heart of Silicon Valley. Sales of- 
fices are located throughout the United States so 
that customers have immediate access to qualified 
personnel. These national presences, combined with 
on-shore manufacturing capabilities, allow NEC 
Electronics to respond quickly to customer demand 
and to work closely with customers to meet their 
changing requirements. The company considers 
quality customer service to be a number one priority, 
a trademark of all NEC operations worldwide. 


_ The NECEL facility in Roseville is an outstanding 


example of successful cultural meshing, offering the 
best of both worlds. The results are production 
yields and quality standards that are among the 
highest obtained by any NEC semiconductor manu- 
facturing facility anywhere. 
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—— Country of Origin 
aaa a? aged 70 L 
Device Type ——_______— —— Low-Power Indicator 
B = Digital bipolar | a La Es ae _ (Optional) 
D = Digital MOS L = Lowpower | 
LL = Very low power 
Date Code Weck * , 
NEC Lot Code TSOP Pinout Identifier 
(Middle letter is significant) 
Product Class — J = Normal pinouts 
40 10K ECL RAM K = Reverse pinouts 
100 100K ECL RAM Speed Selection 
23(H)C CMOS ROM -10 100ns or 10ns 
27(H)C CMOS EPROM -12 120nsor12ns 
28C CMOS EEPROM ~15 150ns or 15ns 
28F CMOS flash memory ' 590 50 ns 
41 NMOS dynamic RAM ' —§0 60ns 
42 CMOS dynamic RAM fi -70 70ns 
43 CMOS static RAM -~80 80ns 
44 CMOS static RAM (6-T cell) -~85 85ns 
46 BiCMOS static RAM -XX_ Etc. 
48 CMOS application specific device 
DRAM Power Supply 
DRAM Option y Zz 
S = Self-refresh and low-power devices - — 5V+10% 
A — 5V+10% (with internal voltage regulator) 
Device Identifier - A 30-5.5V 
- B 2.7-55V 
Package L A 3.8V +10% 
BorBH Ceramic flatpack L B 3.0V+10% 


C,CRorCZ Plastic DIP (dual inline package) 
D,DH, DX or DZ_ Cerdip or ceramic DIP 


G (s 40 pins), GU or GW_— Plastic SOP (small-outline package) 
G (> 40 pins) or GF Plastic QFP (quad flatpack) 
G5, GX or GZ_ Plastic TSOP (thin small-outline package) 


K Ceramic LCC (leadless chip carrier) 
L PLCC (plastic leaded chip carrier) 
LA, LBor LE Plastic SOJ (small-outline J-lead package) 


R_ Ceramic PGA (pin grid array) 
V_ Plastic ZIP (zigzag inline package) 


Notes: 

(1) The marking location and format may vary among package types. 
(2) Regardless of the format, the device number does not change. 
(3) The "pP" in NEC part numbers does not appear on the package. 
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DRAMs 






















Package and Pins 
Organ- Row Access 
ization pPD Features Time (ns) TSO 
256K x 1 41256 Page 80, 85, 100 16-DIP, 
18-PLCC 
64K x 4 41464 Page 80, 100, 120 16-DIP 
18-PLCC 


421000 60, 70, 80,100 | 26/20 | 24/20 
256Kx4 | 424256 60, 70, 80,100 | 26/20 | 24/2 


cv 





o 


% 
0 


oO 


| 
424400L FP; 3.3V 70, 80 26/20 26/20 


oO 


| imx4 | 42S84400A FP; SR 50, 60, 70, 80 26/20 | 26/21 
4284400L FP; SR; 3.3 V 26/20 | 26/20 
424410 FP; WPB 60,70, 80,100 | 26/20 | 26/20 
424412 SC; WPB 60,70, 80,100 | 26/20 | 26/20 
| imx4 | 424440 FP: 4 GAS 60, 70, 80 26/24 
| iMx4 | 424440L FP; 4 CAS; 3.3 V 60, 70, 80 26/24 
4284440 FP; 4 CAS; SR 60, 70, 80 26/24 
| iMx4 | 4284440L FP: 4 CAS; SR;3.3V | 60,70, 80 26/24 


FP Fast page 

SR __Self-refresh 
SC Static column 
WPB. Write-per-bit 
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DRAMs (cont) 
Row Access 


Organ- 
ization pPD Time (ns) 


Features 








. Package and Pins 











Size TSOP 


| 26 | 
| 28 | 
ze 
siakxe | aasaeoo. | Frisnisav | 60, 70,e0 | 28 
siakxe | azmeioa | Feiwep | 90, 70,80 | 28 
siakxe | aaa. | Feiwepissv | 60,70,80 | 28 | 28 
| 28 | 
| 28 | 
| 26 | 
| 28 
a 
| 40 | 


512K x 9 42S4900A FP; SR 60, 70, 80 
512K x 9 42S4900L FP; SR; 3.3 V 60, 70, 80 


28 


256K x 16 424170A FP; 2 WE; 1K ref 60, 70, 80 


44/40 


256Kx 16 | 424170L FP; 2 WE: 1K ref; 3.3 V 


eo [40 


256K x 16 | 42S4170A FP; 2 WE; 1K ref; SR 60, 70, 80 
44/40 


- 256K x 16 42S4170L FP; 2 WE; 1K ref; SR; 3.3 V 60, 70, 80 
256K x 18 | 424190A FP; 2 WE; 1K ref 60, 70, 80 
256K x 18 424190L FP; 2 WE; 1K ref; 3.3 V 60, 70, 80 


44/40 
256K x 18 42S4190A FP; 2 WE; 1K ref; SR 60, 70, 80 44/40 





| 28 | 
| 28 
| 40 | 
| 40 | 
| 40 
| 40 | 
256K x 18 FP; 2 WE; 1K ref; SR; 3.3 V 
aaron [Fras swensay | en.7o.0 | ao | ano | 
[aestenon | Fr 2RS sehen | e700 | «| ano | 
256K x 16 FP; 2 CAS; 512 ref} WPB 
a 
| 0 | 
| 40 
| 40 | 
80 | 40 
| 40 | 
| 40 | 





8 
28 
40 
40 
40 
40 
40 


256K x 18 


FP = Fast page 
SR sSelf-refresh 
WPB._ Write-per-bit 
ref Refresh 

WE Write enable 
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DRAMs (cont) 























Organ- 
ization a 


4216100 
16M x 1 4217100 
4216101 
4217101 
4216102 
4217102 
4216400 
4217400 
4216402 
4217402 
4216410 
4217410 
4216412 
4217412 
4216800 
4216800L 
42816800 
42816800L 
4217800 
4217800L. 
42617800 
42817800L 


4216802 
FP Fast page 
SR Self-refresh 
SC Static column 
WPB  Write-per-bit 
ref Refresh 


U 


16M FP; 4K ref 

FP; 2K ref 
Nibble; 4K ref 
Nibble; 2K ref 
SC; 4K ref 

SC; 2K ref 

FP; 4K ref 

FP; 2K ref 

SC; 4K ref 

SC; 2K ref 

FP; 4K ref; WPB 
FP; 2K ref; WPB 
SC; 4K ref; WPB 
SC; 2K ref; WPB 
FP; 4K ref 

FP; 4K ref; 3.3 V 
FP; 4K ref; SR — 
FP; 4K ref; SR; 3.3 V 
FP; 2K ref 

FP; 2K ref; 3.3 V 
FP; 2K ref; SR 
FP; 2K ref; SR; 3.3 V 
SC; 4K ref 
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Packages and Pins 


-rsor_| zr _| 
aa 


28/24 





Row Access 
Time (ns) 


(60, 70,80, 100 | ane | anes | | 


60, 70, 80, 100 28/24 28/24 
60, 70, 80, 100 28/24 28/24 


SOJ 
28/24 









28/24 


28 


60, 70, 80, 100 28/24 
60, 70, 80, 100 28/24 


24 
4 
4 
4 
4 
4 
4 
4 

24 
4 


[29 90,70.00 | 2 
s0,60.70,80 | 2 


nN | nm 
i 


' 2 
| 
| a 
| Ca 
| 
| 
| 
(40,70, 00,160 | aes | aaee | ae | 
| Ta 
E 
| oe 
| irae 
| me 
| ee 
Es 


2 | 


2 
2 


nN 
i 





2 
2 
2 


Nn 


8 
8 
8 
8 
8 
8 
8 
8 


oo 











8b 
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DRAMs (cont) 
Row Access 
Features Time (ns) TSOP 


3 Pe | 


Organ- 
ization 


2M x9 


2M x 9 


2 | 
2 | 
Lee | 
2700. | FP:2krefiasv | 6,70,00 | a2 
est7oo0 | FP:2KrefisR | 50,60,70,e0 | 32 | 
428179001 
aaeoo2 | Sci aKret_ | 80, 60,70,00 | 32 
3 pel 

peel 

a2 

jae 

| 42 | 


iM x 16 


32 
32 
32 
32 

re [eas 

De [some | 

De [ome 

Tae [sae 

3 | 

3 pe [sae 

: Pe 

Te 

pe 

ee 

Te] 

Pe] 

pe 


4216160L FP; 4K ref; 3.3 V 60, 70, 80 


4217900 FP; 2K ref 50, 60, 70, 80 
42816160 FP; 4K ref; SR 50, 60, 70, 80 


iM x 16 


4218160L FP; 1K ref; 3.3 V 60, 70, 80 


1M x 16 


42S16160L FP; 4K ref; SR; 3.3 V 60, 70, 80 
42818160 FP; 1K ref; SR 50, 60, 70, 80 


4217160 FP; 2K ref 50, 60, 70, 80 
4217160L FP; 2K ref; 3.3 V 60, 70, 80 
42817160 FP; 2K ref; SR 50, 60, 70, 80 


42S818160L FP; 1K ref; SR; 3.3 V 60, 70, 80 
4216180 FP; 4K ref 50, 60, 70, 80 


1IMx 18 


4217180 FP; 2K ref 50, 60, 70, 80 50/44 
4217180L FP; 2K ref; 3.3 V 60, 70, 80 
42817180 FP; 2K ref; SR 50, 60, 70, 80 


42S17180L FP; 2K ref; SR; 3.3.V 60, 70, 80 


42817160L FP; 2K ref; SR; 3.3 V 60, 70, 80 
4218160 FP; 1K ref 50, 60, 70, 80 


1M x 18 


428 16180L FP; 4K ref; SR; 3.3 V 60, 70, 80 50/44 


1M x 18 





FP Fast page 
SC Static column 
ref Refresh 


NE 


DRAM SIMM Modules 
Access 


Organization Pe ee Tense) | Tuetose | wight | ony | soo eat 


256K x 8 -42256AB8 Fast page | 60, 70, 80, 100 | 200 =| est ff 2k 424256LA 9a 


256K x 9 30 -42256AB9 Fast page 60, 70, 80, 100 .200 661 2 424256LA Sb 
1 42256L 
72 


q) 
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256K x 32 -42256A32 Fastpage | 70,80,100 | 200 | 1.000 | 2 | 42a260Le 9c 
256K x 36 72 -42256A36 Fast page | 70, 80, 100 1.000 424280LE 9d 
256K x 40 72 -42256AA40 | Fastpage | 60, 70, 80, 100 1.000 424256LA 9e 


1.000 424260LE _—s_'|. 


1.000 424280LE 9g 
1.000 424256LA 9h 
1.000 424800LE 

424400LA {10a 


424400LA 10b 
421000LA 


424400LA 10c 
424400GS 
424400LA 


424400LA 10d 
421000GX 


424400GS 
421000GX 


424400LA 
421000LA 


424400LA 
421000LA 


424400LA 10e 
424800LE 
424400LA 10f 
424400GS 
424400LA 


Fast page 70, 80, 100 
Fast page 70, 80, 100 


Fast page 60, 70, 80, 100 
Fast page 60, 70, 80, 100 


512K x 32 72 
512K x 36 72 
512K x 40 72 


-42512A32 
-42512A36 
-42512AA40 
-42512AB40 
-421000A8 
-421000A9 


20 


IMx8 30 
IMx9 30 


fon) 
o 
pare 
no 


Fast page 70, 80, 100 
Fast page 60, 70, 80, 100 
Fast page 60, 70, 80, 100 


Fast page 60, 70, 80, 100 


Fast page 60, 70, 80 ; 


1.000 
1.000 
1.250 
1.000 


1M x 32 72 -421000A32 


200 
366 
366 
.200 
200 
200 
106 
.200 


1M x 36 72 -421000A36 8 


1.250 


.200 
.106 
208 
366 1,000 


1M x 40 72 -421000AA40 
-421000AB40 


-422000A32 


Fast page 60, 70, 80, 100 


Fast page 60, 70, 80, 100 


, 80, 354 
Fast page 60, 70, 80, 100 354 
161 


799 

1.000 
1.000 
1.250 


16 
16 
16 


2M x 32 72 


Ss 


C 
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DRAM SIMM Modules (cont) 


Access 
Organization MC Operation Time (ns) Thickness p Sect. 


PD 
2M x 36 72 -422000A36 Fast page 60, 70, 80 366 424400LA 10g 
421000GX 
424400GS 
421000GX 
; 366 1.250 424400LA 
421000LA 


4M x 8 -424000A8 Fast page | 60,70,80,100 | 208 | 799 | 8 | 424100LA tla 
4M x 9 -424000A9 Fast page | 60,70,80,100 | 200 | 799 | 9 | 424100LA 1b 


4M x 32 72 -424000A32 60, 70, 80 1.250 4217400LE 1c 


-424000A36 Fast page 60, 70, 80 


8 4217400LE 11d 
4 424100LA 
-428000A32 Fast page | 60, 70, 80 


8 4217400LE 
4 424100LA 
-428000A36 | Fastpage | 60, 70, 80 eal 


Module Size (inch) DRAM Devices 





2 
> 
< 


.200 
4M x 36 72 200 
366 
366 


8M x 32 72 
8M x 36 72 


| 16 | 4217400LE tle 


16 4217400LE lif 
8 424100LA 


Video RAMs 




















Serial Access 
Time (ns) 


Row Access 
Time (ns) 


Organ- 
ization 


vases oe ed 
FP Fast page 


HP Hyper page (extended data out) 
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Synchronous DRAM 
Clock Rate Row Access Burst Access 


Organ- 
ization (MHz) Time (ns) Time (ns) 


ane [eens se Be 


1M x 18 42116182 


RAMBUS DRAM 


Organ- Read Hit Access Burst Access 
ization Time (ns) Time (ns) 

























awe | wer 


Application Specific Devices 


Packages and Pins 
Access 
Description Time (ns) TSOP Sect. 


263 lines of 910 x 4 bits NTSC field buffer | 42270 | Cer eee ee eee eee 18¢ 


Picture-in-picture generator oe 6 MHz input 64-QFP 18d 
ee Saal 


256K x 8-bit field buffer | 42280 | | ss 28 | 2a-sop | tee 
5048 x 8-bit line buffer for communications ae Se 18f 
| 24-SOP 





32K x 8 bidirectional data buffer oe ee ee ee eee eee ee 
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Fast Static RAMs fy. ae 


EA see es 
RM Size Ization r ~~ PD Time (ns) TSOP Other Sect 
. | tekxe | seas | tat520 [oa | a ft 


wi [aus eowoor aes | ae 
a5 


512K x 8 434008 


Se (a i (a ee 







Cache Data RAMs oo > 

| 
ee a ee Se ae ee 
fexxwounxe fara fas |. | |i. +i) ® _| 
fexxzounxe [wma few | {|| | «3 _| 









Size 






Standard Static RAMs 


fsexxe [56h Jos, ron, 100.10 | 2 | | = | = 
feaxxe | wesee|ss7o.05 |e | | » | | | 
s0004 |70,65,00 |e | | | | | 
sooo |s5,70,05,100 |e || | || 


MC- 85, 100 
434000 
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ECL RAMs (10K Interface) 


Packages and Pins 
Organization Access Time (ns) Ea Flatpack 













Sect. 






4K 







aces 9 fas 





16K 
















ECL RAMs (100K Interface) 


peer ff me Access Time (ns) 


a 
ee ee ee 
os ea TT 

= [| 
ers ae ee eee 





4K 







16Kx 1 10, 15 
HR TT! 
[asec [ron [sae 













‘-EEPROMs 


ee ee ce eae 
eal ic ae 


Patera [oe [oman fe | 
[sexe | aeons [soos if | fm || 
[ene | eoces | eoo.amo [ » | ||‘ 
eee | cass [soo oso fe | 
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Reliability and Quality Control 


Section 2 
Reliability and Quality Control 


Built-in Total Quality Control (TQC) 
Approaches to TQC 
Implementation of Quality Control 
Reliability Theory 

Failure Analysis 

Summary 


Figure 1. NEC’s Quality Control 
System 


Figure 2. New Product Development 


Figure 3. Electrical Testing and 
Screening 


Figure 4. Reliability Life (Bathtub) 
Curve 


Appendix 1A. Typical QC Flow for 
CMOS Fabrication 


Appendix 1B. Typical QC Flow for 
PLCC Assembly/Test 


Appendix 2. Typical Reliability 
Assurance Tests 


Appendix 3, New Product/Process 
Change Tests 


Appendix 4. Failure Analysis 
Flowchart 


M!OoO;o1;a;a@i—+)— 
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NEC 


NEC Electronics Inc. 


As large-scale integration (LSI) reaches a higher level 
of density, the reliability of individual devices imposes a 
more profound impact on system reliability. As a result, 
great emphasis has been placed on assuring device 
reliability. 


Conventionally, performing reliability tests and using 
feedback from the field have been the only methods of 
monitoring and measuring reliability. As LSI density 
increases, however, it has become more difficult to 
activate internal circuit elements in a device from 
external terminals and to detect their degradation. 
Testing and feedback alone cannot provide enough 
information to ensure today’s demanding reliability 
requirements. 


To guarantee and improve high levels of reliability for 
large-scale integrated circuits, a new philosophy and 
methodology are needed for reliability assurance. 
Quality and reliability must not only be monitored and 
measured but, most importantly, must be built into the 
product. 


BUILT-IN TQC 


NEC has introduced the concept of total quality contro! 
(TQC) across its entire semiconductor product line to 
implement this philosophy. Rather than performing 
only a few simple quality inspections, quality control 
has become an integral part of each process step 
involving production, engineering, quality control 
staffs, and all management personnel. Figure 1 is a 
flowchart that shows how these activities form a com- 
prehensive quality control system at NEC. 


In addition to TQC, NEC has introduced a pre- 
screening method into the production line that elimi- 
nates potentially defective units. This combination of 
building in quality and screening out projected early 
failures has resulted in superior quality and reliability. 


Most large-scale integrated circuits use high-density 
MOS technology with state-of-the-art high perfor- 


mance due to improved fine-line generation tech- 


niques. When physical parameters are reduced, circuit- 
density and performance increase while active circuit 
power dissipation decreases. The information pre- 
sented here will show that this advanced technology 
combined with the practice of TQC yields products as 
reliable as those from previous technologies. 


10002-2 
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APPROACHES TO TQC 


TQC activities are geared toward total customer satis- 
faction. The success of these activities depends on 
management's commitment to enhancing employee 
development, maintaining a customer-first attitude, 
and fulfilling community responsibilities. 


TQC is implemented in the following steps. First, qual- 
ity control is embedded into each process, allowing 
early detection of possible failure mechanisms and 
immediate feedback. Second, the reliability and quality 
assurance policy is upheld through company-wide 
quality control activities. Third, emphasis is placed on 
research and development efforts to achieve even 
higher standards of device quality and reliability. 
Fourth, extensive failure analysis is performed period- 
ically, and appropriate corrective actions are taken as 
preventative measures. 


Process control limits are based on statistical data 
gathered from this analysis and used to determine the 
effectiveness of the in-process quality control steps. 


New standards are continuously upgraded, and the 
iterative process continues. The goal is to maintain the 
superior product quality and reliability that has be- 
come synonymous with the NEC name. 


Zero Defects Program 


One of the quality control activities that involves every 
staff level is the Zero Defects (ZD) Program. The pur- 
pose of the ZD Program is to minimize, if not prevent, 


. defects due to controllable causes. These activities are 


organized by groups of workers around these four 
premises. 


e A group must have a target or purpose to pursue. 


e Several groups can be organized to pursue a 
common target. 


e Each group must have.a responsible leader. 
Each group is well supported by management. 
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Figure 1. NEC's Quality Control System 
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The group's target is selected from items relating to 
specifications, inspections, operation standards, etc. 
When past data is available, a Pareto diagram is cre- 
ated and reviewed to select an item most in need of 
quality improvement. Target defects related to this item 
are clearly defined. Records are analyzed to compute 
numerical equivalents of the defects. Then, action is 
taken to contro! these defects. 


Statistical Approach 


Another approach to quality control is statistical anal- 
ysis. NEC uses statistical analysis at each stage of LS| 
product development, trial runs, and mass production. 
Some implementations of this statistical approach are: 


e Process comparisons 
e Control charts 
e Data analysis 
— Correlation, regression, multivariance, etc. 
e Cp/Cpk studies 
— Variables and attributes data (performed 
monthly) 


Process control sheets and other QC tools are used to 
monitor important parameters such as Cp, Cpk, X, X-R, 
electrical parameters, pattern dimensions, bond 
strength, test percentage defects, etc. The results of 
these studies are monitored by the production staff, 
QC engineers, and other associated engineers. If any 
out-of-control or out-of-specification limit is observed, 
corrective procedures are quickly taken. 


IMPLEMENTATION OF QUALITY CONTROL 


Building quality into a product requires early detection 
of possible failure mechanisms and immediate feed- 
back to remove such problems. A fixed quality inspec- 
tion station often cannot provide prompt and accurate 
feedback about the process steps prior to the inspec- 
tion. Quality control functions have therefore been 
distributed into each process step including the con- 
ceptual stage. The most significant areas where quality 
control has been placed include: 


Product development 

Incoming material inspection 

Wafer processing 

Chip mounting and packaging 

Electrical testing and infant mortality screening 
Outgoing material inspection 

Reliability assurance tests 

Process/product changes 
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Figure 2. New Product Development 
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Reliability 
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Product Development 


New product development includes the product con- 
cept, device proposal review, physical element design 
and organization, engineering evaluation, and, finally, 
product transfer to manufacturing. Quality and reliabil- 
ity are considered at every step. The new product 
development flow at NEC is shown in figure 2. 


Design is the first and most important step in new 
product development. NEC believes that the founda- 


“ee . tion of device quality is determined at the design stage. 


The four steps involved are circuit design, mask pattern 


layout, package design, and the setting of process and 


product manufacturing conditions. Design standards 
have been established at NEC to.maximize quality and 
reliability. 


After completion of the design, a design review is 
performed to check for conformity to design standards 
and to consider other factors influencing reliability and 
quality. At this stage, modification or re-design may be 
necessary. NEC believes that design reviews are essen- 
tial for product modifications as well as newly de- 
signed products. 


Once a design successfully passes its review, atrial run 
takes place in which the product's electrical and me- 
chanical characteristics, quality, and reliability are 
evaluated. . 


Additional runs are serionies in which process condi- 
tions are varied deliberately, causing characteristic 
factors to change in mass production. These samples 
are evaluated to determine the best combination of 
process conditions. Reliability tests are then con- 
ducted to check the new product’ electrical and me- 
chanical stress resistance. If no problems are found at 
this stage, the product is approved for mass produc- 
tion. 


Mass production begins after the product design de- 
partment prepares a schedule that includes reliability 
and quality control steps. The standards for produc- 
tion and control steps are continuously re-examined 
for possible improvement, even after mass production 
has started. 


incoming Material Inspection 


NEC has the following programs to control incoming 
materials: 


Vendor/material qualification system 
Purchasing specifications for materials 
Incoming materials inspection | 
Inspection data feedback 

Meetings with vendors concerning quality 


A 


e Vendor audits 


lf any parts or materials are rejected at incoming 
inspection, they are returned to the vendor with a 
rejection notification form specifying the failure items 
and modes. The results of these inspections are used to 
rate the vendors for future purchasing. 


In-Process Quality Inspection 


Typical in-process quality inspections performed at 
wafer fabrication, chip mounting and packaging, and 
device testing stages are listed in appendix 1A and 
appendix 1B. 


Electrical Testing and Screening 


At the first electrical test, dc parameters are tested 
according to electrical specifications on 100% of each 
lot. This is a prescreening prior to any infant mortality 
test. At the second electrical test, ac functional tests as 
well as dc parameter tests are performed on 100% of 
each lot. If the percentage of defective units in a lot is 
unacceptably high in this test, the lot is subjected to an 
infant mortality rescreen. During this time, any defec- 
tive units undergo extensive failure analysis. The re- 
sults of these analyses are fed back into the process 
through corrective actions.: 


Figure 3 is a flowchart of the typical infant ea 
screening and electrical testing. 


Outgoing Inspection 


Prior to warehouse storage or shipment, lots are sub- 
jected to an outgoing inspection according to: the 
following sampling plan: 


e Electrical 
— Dc parameters, lot.tolerance parts defective 


(LTPD) 3% 
— Ac functional LTPD 3% 
e arance 
aa rt LTPD 3% 
— Minor LTPD 7% 
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Figure 3. Electrical Testing and Screening 





° Dc parameter testing 
Full Ac/dc testing If 
no 100% bum-in 


100 Percent 
Lot Bum-in 


¢ Dc parameter testing 
¢ Ac functional testing 


Reliability Assurance © . 
; Test (RAT) Sampling | 


Reliability Assurance Tests — 


Prior to shipment, representative samples from each 
process family are taken on a regular basis and sub- 
jected to monitoring reliability tests. This testing is 
performed to confirm that NEC's products continually 
meet their field reliability targets. 


Process/Product Changes 


As mentioned previously, a design review occurs for 
product changes as well as for new products. Once a 
design is approved and processes are altered for max- 
imum quality, qualification testing is performed to 
check reliability. If the test results are acceptable, the 
product is internally qualified for mass production. 


The typical reliability qualification tests performed at 
NEC are listed in appendix 3. 
RELIABILITY THEORY 


Reliability is defined as a characteristic of an item 
expressed by the probability that it will perform a 
required function, under specific conditions, for a cer- 
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tain period of time. The concept of probability, the 
definition of required function, and the knowledge of 
how time affects the item of concern are therefore 
necessary tools for the study of reliability. 


Definition of a required function, by implication, treats 
the definition of a failure. Failure of a device is defined | 
as the termination of a device’s ability to perform its 
required function. A device has failed if it is unable to 
meet guaranteed values given in its electrical specifi- 
cations. 


Failures are categorized by the period of time in which 
they occur. The critical times used in the discussion of 
device reliability and failure are the periods of early, 
random, and wearout failures. Probability is used to 
quantitatively estimate reliability levels during these 
periods as well as overall reliability. The relevant theo- 
ries and methods of calculation will be discussed later. 





Regarding individual devices, specific failure mecha- 
nisms seen in life tests and in infant mortality screening 
tests are the parameters of concern in the determina- 
tion of overall device failure rates, thus reliability levels. 


Regarding systems, the sum of individual device failure 
rates is the expected failure rate of the system hard- 
ware. 


Life Distribution 


The fundamental principles of reliability engineering 
predict that the failure rate of a group of devices will 
follow the well-known bathtub curve in figure 4. 


Figure 4. Reliability Life (Bathtub) Curve 


= 
a 
g 
é 


Random Fallure Period 
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The curve is divided into three regions: infant mortality, 
random failures, and wearout failures. 


The infant mortality section of the curve, where the 
failure rate is declining rapidly, represents the early-life 
device failures. These failures are usually associated 
with one or more manufacturing defects. 


After a period of time, the failure rate reaches a low 
value. This random failure area of the curve represents 
_ the useful portion of a device's life. During this random 
failure period, a slight decline is observed due to the 
depletion of potential random failures from the general 
population. 


Wearout failures occur at the end of useful device life. 
These failures are observed in the rapidly rising failure 
rate portion of the curve; devices are wearing out both 
physically and electrically. 


Therefore, for a device that has a very long life expect- 
ancy compared to the system that contains it, the 
areas of concern will be the infant mortality and ran- 
dom failure portions of the bathtub curve. 


Failure Distribution at NEC 


To eliminate infant mortality failures, NEC subjects its 
products to production burn-in whenever necessary. 
This burn-in is performed at an elevated temperature 
on 100% of the devices involved and is Gesigien to 
remove potentially defective units. 


After elimination of early device failures, a system will 
be left to the random failures of its components. To 
make proper projections of the failure rate of a system 
in the operating environment, random failure rates 
must be predicted for the system’s components. 


To qualitatively study random failures, integrated cir- 
cuits returned from the field, as well as in-house life 
testing failures, undergo extensive failure analyses at 
respective NEC manufacturing divisions. Failure mech- 
anisms are identified and resulting data is fed back to 
appropriate production and engineering groups. Long- 
term failure rates are determined from this data to 
quantitatively study this random failure population. 


Infant Mortality Failure Screening 


Establishing infant mortality screening requires knowl- 
edge of likely failure mechanisms and their associated 
activation energies. 
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Typical problems associated with infant mortality fail- 
ures are manufacturing defects and process anoma- 
lies, which consist of contamination, cracked chips, 
wire bond shorts, or bad wire bonds. Since these 
problems can result from a number of possible failure 
mechanisms, the activation energy for infant mortality 
can vary considerably. Correspondingly, the effective- 
ness of an infant mortality screening condition (pref- 
erably at some Stress level to shorten the screening 
time) varies greatly with the failure mechanism. 


For example, failures due to ionic contamination have 
an activation energy of approximately 1.0 eV. There- 
fore, a 15-hour stress at 125°C junction temperature 
would be the equivalent of approximately 314 days of 
operation at a junction temperature of 55°C. On the 
other hand, failures due to oxide defects have an 
activation energy of approximately 0.3 eV. A 15-hour 
stress at 125°C junction temperature in this case would 
be the equivalent of approximately 4 days of operation 
at 55°C junction temperature. The condition and dura- 
tion of infant mortality screening is determined by the 
economic factors involved in the screening and by the 
allowable rate of component failure. A component 
failure causes a system failure. 


Empirical data gathered at NEC indicates that any 
early failures generally occur after less than 4 hours of 
stress at 125°C ambient temperature. This fact is sup- 
ported by the bathtub curve created from actual life 
test results. The failure rate after 4 hours of such stress 
testing shows random distribution as opposed to the 
rapidly decreasing failure rate observed in the early life 
portion of the curve. 


Whenever necessary, NEC has adopted this infant 
mortality burn-in at 125°C as a standard production 
screening procedure. NEC believes it is imperative that 
failure modes associated with such infant mortality 
screens be understood and fixed at the manufacturing 
level. Failure analysis is performed on all infant mor- 
tality failures for this purpose. This in-line data coupled 
with data accumulated from the field is used to intro- 
duce corrective actions and quality improvement mea- 
sures. If the early-life failures of a device can be 
minimized or eliminated and countermeasures appro- 
priately monitored, then such screens can be elimi- 
nated. The result of such practices is that field reliabil- 
ity of NEC devices is an order of magnitude higher than 
NEC’s long-term Palltits rate goals. 


NEC 
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Table 1. Typical Reliability Test Results 
Name Type HTB TH PCT 7c 
Micro NMOS 9/23817 3/13625 0/5034 0/1817 
(Note 1) (15 FIT) 
CMOS 7/20361 6/15155 8/16727 0/5913 
(6.6 FIT) 
Memory DRAM (Note 2) 9/13072 2/12796 4/8477 3/3085 
(HTOL) (8.2 FIT) 
1 Meg DRAM (Note 3) 24/13459 0/5414 0/2920 0/2100 
(68 FIT) 
4 Meg DRAM (Note 4) 4/2150 0/550 0/550 0/760 
(4.2 FIT) 
SRAM (Note 5) 0/3966 0/275 0/316 0/305 
(6.6 FIT) 
1 Meg SRAM (Note 5) 0/458 1/8026 0/3838 0/1350 
(5.8 FIT) 
ASIC CMOS 7/6146 2/2848 4/9159 6/5738 
(Note 6) (43 FIT) 
ECL 0/1368 — _ 0/246 
(8 FIT) 
BiCMOS 3/2801 0/3505 0/4370 0/5555 
(29 FIT) 
Note: 


Information in the table above has been extracted from NEC report 
numbers: 

(1) IRQ-3Q-22833 
(2) TRQ-89-01-0021 
(8) TRQ-89-01-0021 


(4) IRQ-2Q-70117 
(5) TRQ-90-11-0085 
(6) TRQ-91-02-0093 


Accelerated Reliability Testing 


NEC performs extensive reliability testing at both pre- 
production and post-production levels to ensure that 
all products meet NECS minimum expectations and 
those of the field. 


Assume an electronic system contains 1000 integrated 
circuits and that 1% system failures per month can be 
tolerated by this system. The allowable failure rate per 
component is then calculated as follows: 


1% failures 


% failures 
720 hours x 1000 pieces 


= (0.0014) 
1000 hours 


14 FITs 


The rate of 14 FiTs corresponds to one failure in 85 
devices during an operating test of approximately 
10,000 hours. To demonstrate this reliability level in a 
reasonable amount of time, a test condition is appar- 
ently required to accelerate the time-to-failure in a 
predictable and understandable way. 


The most common method for decreasing time-to- 
failure is the use of high temperature to accelerate 
physiochemical reactions that can lead to device fail- 


ure, Other stressful environmental conditions are voit- 
age, current, humidity, vibration, or some combination 
of these. Appendix 2 lists typical accelerated reliability 
assurance tests performed at NEC on molded inte- 
grated circuits. Table 1 shows the results of some of 
these tests for various process types. 


Reliability Assurance Tests 


NEC's life tests consist of the high-temperature 
operating/bias life (HTOL/HTB), the high-humidity stor- 
age life (HHSL), the high-temperature, high-humidity 
(1/H = HHSL + bias), and the high-temperature storage 
life (HTSL). Additionally, NEC performs various envi- 
ronmental and mechanical! tests. 


HTOL/HTB Test. These tests are used to accelerate 
failure mechanisms by operating devices in a dynamic 
(operating life) or static (bias) condition at an elevated 
temperature of 125°C. The data obtained is translated 
to a lower temperature to estimate device life expect- 
ancy using the Arrhenius relationship explained later. 
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HHSL and T/H Tests. Integrated circuits are extremely 
sensitive to the effects of humidity such as electrolytic 
corrosion between biased lines. The high-temperature 
and high-humidity tests are performed to detect failure 
mechanisms accelerated by temperature and humidity, 
such as leakage related probiems and drifts in device 
parameters due to process instability. 


HTSL Test. Another common test is the high- 
temperature storage life test in which devices are 
subjected to elevated temperatures with no applied 
- bias. This test is used to detect process instability and 
stress migration problems. 


Environmental Tests. Other environmental tests such 

as the pressure cooker test (PCT) or the temperature 
cycling test (T/C) detect problems related to the pack- 
age and/or interactions between materials as well as 
the degradation of environmentally sensitive device 
characteristics. 


Failure Rate Calculation/Prediction 


To predict the device failure rate from accelerated life 
test data, the activation energies of the failure mecha- 
nisms involved should be considered. In some cases, 
an average activation energy is assumed to accom- 
plish a quick first-order approximation. NEC assumes 
an average activation energy of 0.7 eV for most prod- 
ucts (0.3 eV for high-density memory devices). This 
average value has been assessed from extensive reli- 
ability test results and yields a conservative failure rate. 


Since most semiconductor failures are temperature 
dependent, the Arrhenius relationship is used to nor- 
malize failure rate predictions at a system operation 
temperature of 55°C. It assumes that temperature de- 
pendence is an exponential function that defines the 
probability of failure occurrence, and that degradation 
of a performance parameter is linear with time. The 
Arrhenius model includes the effects of temperature 
and activation energies of the failure mechanisms in 
the following Arrhenius equation: 


A a exp HAC y1-Tya)_ 
k(Ty1) (Tye) 
Where: 


A(T) = Acceleration factor 

E, = Activation energy | 

Ty, = Junction temperature (in K) at Ree 55°C 
TJjo = Junction temperature (in K) at Tag = 125°C 
k = Boltzmann's constant = 8.62 x 10-5 eV/K 


Because the thermal resistance and power dissipation 
of a particular device type cannot be ignored, junction 
temperatures (Tj, and Tjo) are used instead of ambient 
temperatures (Ta; and Taz). We calculate junction tem- 
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peratures using the following formula:. 
Ty = Ta + (thermal resistance)(power diss. at W 


With this information, a temperature acceleration fac- 
tor can be calculated. 


In some cases, the effect of voltage acceleration on 
failure rate must also be considered. Voltage acceler- 
ation can be characterized by the following equation: 


A(V) = exp [-6(Vd - Vs)] 


Where: 

Vd = Operating voltage (5.5 V) - 

Vs = Life test stress voltage (7 V) 

B =.Empirically determined constant (dependent on 
~ electric field constant and oxide thickness) 


The constant 8 has been given the value ~ 1, which is 
a conservative figure. Therefore, the overall accelera- 
tion factor will be determined as the product: 

A(T,V) = A(T) * A(V) 


To estimate long-term failure rate, the acceleration 
factor must be multiplied by the actual time to deter- 
mine the simulated test time. From the high- 
temperature operating or bias life test results, failure 
rates can then be predicted at a 60% confidence level 
using the following equation: 


L = 0/105 
2T 


Where: 

L = Failure rate in %/1000 hours 

X2 = The tabular value of chi-squared distribution at a 
. given confidence level and calculated degrees of 
freedom (2f + 2, where f = number of fallaree) 
See note below. 

T = # of equivalent device hours = (# of devices) x (# 

of test hours) x (acceleration factor) 


Note: Since the failures of concern here are the long-term 
failures, not the infant mortality failures (that is, the end 
of the downward slope and the middie constant sec- 
tion of the bathtub curve in figure 4), X2 is determined © 
by assuming a one-sided, fixed time test. 


Another method of expressing failures is in FITs (fail- 
ures in time). One FIT is equal to one failure in 109 
hours. Since L is already expressed as %/1000 hours 
(10-5 failure/hr), an easy conversion from %/1000 hours 
to FIT would be to multiply the value of L by'104. 
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To accurately determine this failure rate, a statistically- 


large sample size must be accumulated. Depending on 

the accuracy needed, the following conditions should 

be imposed: 

e A minimum of 1.2 million device hours (equal to 
sample size multiplied by test period) at 125°C 
should be accumulated to accurately predict a fail- 
ure rate of 0.02% per 1000 hours at 55°C, with a 60% 
confidence level. 


@ Aminimum of 3 million device hours at 125°C should 
be accumulated to accurately predict a failure rate 
of 0.01% per 1000 hours at 55°C, with a 60% confi- 
dence level. 

Failure Rate Calculation Example. As an example of 
how this failure rate is caiculated, assume a sample of 
960 pieces was subjected to 1000 hours at 125°C burn- 
in. One reject was observed. Given that the accelera- 
tion factor was calculated to be 34.6 using the Arrhe- 
nius equation, what is the failure rate normalized to 
55°C using a confidence level of 60%? Express the 
failure rate in FITs. : 


Solution: 
Forn = 2f+ 2= 2(1) + 2= 4, X2@= 4.046 
2 
Then L = ee (%/1000 hours) 


= (X2) 105 (%/1000 hours) 


~ 2(# devices)(# test hours)(accel. factor) 


(4.046) 105 


Therefore, FIT = (0.0061)(104) = 61 


Failure Rate Goals 


Reject rates at customer’s incoming inspection, infant 
mortality rates, and long-term failure rates are moni- 
tored and checked against quality and reliability tar- 
gets. Long-term failure rate goals are based on mask 
and process designs. NEC’s quality and reliability tar- 
gets are listed in table 2. 
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. Table 2. Quality and Reliability Targets — 


Memory Micro ASIC 


Year ECL RAM MOS BiCMOS ECL CMOS 


Reject Rate at Customer's 
incoming Equipment Inspection (PPM) 


1991 30 30 70 300 80 80 


1992 30 30 50 200 50 60 
Long-Term Reliability (FIT) 


1991 30 30 30 300 30 20 
1992 30 30 20 300 30 80 
Infant Mortality 

1991 30 30 40 300 50-270 
1992 30 30 30 300 50 240 
FAILURE ANALYSIS 


At NEC, failure analysis is performed not only on 
reliability testing and field failures, but also on prod- 
ucts that exhibit defects during production. This data is 


closely checked for correlation process quality infor-. 


mation, inspection results, and reliability test data 
Information derived from these failure analyses is fed 
back into the process. 


Since many failure mechanisms can be exhibited by 
LS! devices, highly advanced analytical tools and 
methodologies are required to investigate such LS! 
failures in detail. The standard failure analysis flow- 
chart relating to the returned products from customers 
is shown in appendix 4. 


SUMMARY 


Building quality and reliability into products by forming 
a total quality control system is the most efficient way 
to ensure product success. 


The combination of building quality into products, 
effective prescreening of potential failures, and moni- 
toring of reliability through extensive testing has estab- 
lished a singularly high standard for NEC’s large-scale 
integrated circuits, as demonstrated inthe most recent 
year’s production. 


The company’s quality contro! program supports con- 
tinuous research and development activities, extensive 
failure analysis, and process improvements. With this 
extensive program, NEC continuously sets and main- 
tains higher standards of quality and reliability. 
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Appendix 1A. Typical QC Flow for CMOS Fabrication 





_ Wafer Fabrication Process QC Flow (CMOS) 


Process Material In-procass Inspection/quality Monitor 


Silicon Wafer 


Resistivity (sampling by lot) 
baile Dimension (sampling by lot) 
Visual (sampling by lot) 


Well 
Formation 


Oxidation Oxide thickness (sampling by jot) 
Photo Lithography Alignment and etching accuracy (sampling by lot) 
lon Implantation Layer resistance (sampling by lot) 
Fleld 
Formation 


~ Deposition Deposit thickness (sampling by lot) 
Photo Lithography Alignment and etching accuracy (sampling by lot) 
Oxidation Oxide thickness (sampling by lot) 
_ Channel Stopper 
Formation 
Photo Lithography Alignment and etching accuracy (sampling by lot) 
fon Implantation Layer resistance (sampling by lot) 
Oxidation Oxide thickness (sampling by lot) 


Gate 
Formation 


Deposition Deposit thickness (sampling by fot). 
Doping Layer resistance (sampling by lot) 
Photo Lithography Alignment and etching accuracy (sampling by lot) 
Gate electrode width (sampling by lot) 


pin SD Formation 


Photo Lithography Alignment and etching accuracy (sampling by lot) 
lon Implantation Layer resistance (sampling by lot) 
Anneal 
Contact 
Hole . 
_ Deposition Deposit thickness (sampling by lot) 
Photo Lithography Alignment and etching accuracy (sampling by lot) 


Metaliization 


- Metal Deposition Metal thickness (sampling by lot) 
Photo Lithography Alignment and etching accuracy (sampling by lot) 


Parametric test (sampling by lot) 


Passivation 


Deposition Deposit thickness (sampling by lot) 
Photo Lithography Alignment and etching accuracy (sampling by lot) 


Wafer Sort Electrical test 


Contact hole and metallization steps are repeated twice. 





10 


NV E Cc Reliability and Quality Control 


Appendix 1B. Typical QC Flow for PLCC Assembly/Test 
Inspection of Manufacturing Conditions Inspection of Manufacturing Qualities 


I I | 


Table Speed Every Indicators P.C. Sawing Before Microscope | Operator 
Dicing DI Water Shift Gauges Dimensions Running With Filter 
Blade Helght Eyepiece 
Wafer Break Every Indicators Wafer Visual 100% Naked Eye | Operator 
Conditions Shift Gauges 
B Expand 
ree Wafer Expand 
Conditions 
Every Lot Microscope 
Die Visual Inspection Sampling 
(Or 100%) 


Lead Frames Die Attached Every Naked Eye 
Magazine 
Every Shift | Microscope 


Conditions 
Dynamometer 





jected 
by 


Insp 
Operator 


0 
(2) 


Potentiometer 
Die Attached Temperature 


Epoxy Cure Heat Every indicators 
(Not Done for Gold Temperature Shift Gauges 
Die Attached product) No Flow 


; a 
¢ 9 


Bonding 
Fine Wire Conditions 


Wire Bonding Temperature Thermocouple .C. ne Pull 
and est 
Potentiometer 


Every Lot 
Sampling 
(Or 100%) 


100% Naked Eye 
Cure Time 


Temperature | Every Shift Indicator ae 


Deflashing | Every Shift .C. Every Lot | NakedEye | Operator 


Conditions 


og 


Thermocouple 


Thermocouple, 
Potentiometer 


Temperature 
Pressure 


5 $; 2 


Concentration | Every Week 
Density Every Week | Density Meter 


Water Jet Every Day 
Pressure 


Plating Every Day 
Conditions 


Concentration | Every Week 





83RD-75168 
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Appendix 1B. Typical QC Flow for PLCC Assembly/Test (cont) 
; a of Manufacturing Conditions Inspection of Manufacturing Qualities 


Inspectl Inspected 
vo [| ae [room| new | 
Every Lot 
Every Lot 
Every Lot 
Once/Day 
a ~ — 


Thermocouple Marking 
Permanency 


Process/Materials 


Plating Inspection 


Marking 
Mark Cure 
Lead Forming 


Final Assembly Inspection 


First Electrical Sorting 
Bum-in (When Necessary) 


First Electrical Sorting 


Reliability Assurance Test 


in-Warehouse Inspection 


Warehousing 
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IC Tester 


Every Lot IC Tester 


Visual (Major) | Every Lot Naked | Eye | 


Microscope 
Visual (Minor) | Every Lot | Naked Eye 
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Appendix 2. Typical Reliability Assurance Tests 





MIL-STD-883C 
Test Symboi Method Test Conditions 
High-temperature operating/bias life (Note 1) HTOL/HTB 1005 Ta = 125°C; Vpp specified per device type 
High-temperature storage life (Note 1) HTSL 1008 _ Ty = 150°C (175° or 200°C in some cases) . 
High-temperature/high-humidity (Note 1) TH Ta = 85°C; RH = 85%; Vop = 5.5 V 
High-humidity storage life (Note 1) HHSL Ta = 85°C; RH = 85% 
Pressure cooker (Note 1) PCT Ta = 125°C; P = 2.3 atm; RH = 100% 
Temperature cycling (Note 1) ale; 1010 -65°C to +150°C; 1 hour/cycle 
Lead fatigue (Note 2) C3 2004 90-degree bends; 3 bends without breaking 
Solderability (Note 3) C4 2003 230°C; 5 sec; rosin base flux 
Soldering heat/temperature cycle/ C6 1010 10 sec @ 230°C; rosin base flux 
thermal shock (Note 1) 1011 Ten 1-hour cycles @ -65°C to +150°C 

(Note 4) Fifteen 10-minute cycles @ 0°C to +100°C 

Notes: 
(1) Electrical test per data sheet is performed. Devices that exceed (3) Less than 95% coverage is considered a reject. 


the data sheet limits are considered rejects. 
: ; (4) MIL-STD-750A, method 2031. 
(2) Broken lead is considered a reject. 


Appendix 3. New Product/Process Change Tests 








Newly 
Developed Shrink New 
Test Sample Size Product Die Package Wafer Assembly Test Conditions 
High-temperature 20 - 50 pieces; 0 0 0 0 fe) See appendix 2; 
operating/bias life 1 - lots ‘ 1000H 
High-temperature 10 - 20 pieces; 0 0 0 0 o- T = 150°C (plastic); 
storage life 1-3 lots T = 175°C (ceramic); 
1000H 

High-temperature/ 20 - 50 pieces; 0 i?) 0 fe] 0 See appendix 2; 
high-humidity bias life 1-3 lots 1000H 
(plastic package) 
Pressure cooker 10 - 20 pieces; (0) 0 0 0 0 See appendix 2; 288H 
(plastic package) 1-3 lots 
Thermal environmental 10 - 20 pieces; 0 x fe) X 0 See appendix 2 

1-3 lots ; 
Mechanical environmental 10 - 20 pieces; 0 Xx 0 xX 0 20G, 10 - 2000Hz; 
(ceramic package) 1-3 lots 1500G, 0.5 ms; 

20000G, 1 min 

Lead fatigue 5 pieces; 1-3 X - X - X See appendix 2 

lots 
Solderability 5 pieces; 1-3 x - X - x See appendix 2 

lots 
ESD 20 pieces; 1-3 0 0 0 X (1) C = 200 pF, R= 0 

lots (2) C = 100 pF, 

R= 15k 

Long term T/C 10 - 50 pieces; 0 0 0 0 0 See appendix 2; 

1-3 lots 1000 cy 
Notes: 
0: Performed. X: Perform if necessary. -: Not performed. 
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Appendix 4. Failure Analysis Flowchart 





Information requested 
* Failure situation: 
where, how, when, why 


Analysis of 
Information 


* De/ac function testing 
by tester/Curvetracer 


Fallure | ¢ Test correlation 
Report may be needed 


* Specific tests: X-ray fluoroscope, 
bas rrhig hermetical test, dew-point test, 
ys! curvetracer check, etc. 


i * Decapsulation, Intemal visual 
spans ' check, electrical measurement, 
crcult analysis 


* Etching the passivation, etc. 
SEM, XMA, Cross-section, etc. 


* Estimation of causes 
° Countermeasures 
* Corrective Action 
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256K DRAMs 


Section 3 

256K DRAMs 

pPD Organization Features 

41256 256K x 1 Page; NMOS 3a 


41464 64K x 4 Page; NMOS 3b 





NEC 


NEC Electronics Inc. 


Description 


The »PD41256 is a 262,144-word by 1-bit dynamic RAM 
designed to operate from a single +5-volt power supply 
and fabricated with a double polylayer, N-channel, 
silicon-gate process for high density, high performance, 
and high reliability. A single-transistor storage cell and 
advanced dynamic circuitry, including 1024 sense ampli- 
fiers, ensure that power dissipation is minimized, while 
an on-chip circuit generates the negative-voltage sub- 
strate bias—automatically and transparently. 


The three-state output is controlled by CAS independent 
of RAS. After a valid read or read-modify-write cycle, data 
is held on the output by holding CAS low. The data 
output is returned to high impedance by returning CAS 
high. A hidden refresh feature allows CAS to be held low 
to maintain output data while RAS is used to execute 
refresh cycles. 


Refreshing may be accomplished by means of RAS-only 
refresh cycles, hidden refresh cycles, CAS before RAS 
refresh cycles, or by normal read or write cycles on the 
256 address combinations of Ap through Az during a 
4-ms refresh period. 


Features 


262,144-word x 1-bit organization 

High-density plastic DIP and PLCC packaging 
Multiplexed address inputs 

Single +5-volt power supply 

On-chip substrate bias generator 

Low power dissipation of 28 mW max (standby) 
Nonlatched, three-state outputs 

Fully TTL-compatible inputs and outputs 

Low input capacitance 

256 refresh cycles every 4 ms 

Optional page cycle 

RAS-only, hidden, and CAS before RAS refreshing 


bBaoadnoadaanaaadada 


60074 





pPD41256 
262,144 x 1-Bit 
Dynamic NMOS RAM 


Pin Configurations 


16-Pin Plastic DIP 






83IH-5121A 


831H-5120A 
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Ordering Information 











Row Access Power Supply 

Part Number Time (max) RW Cycle (min) Page Cycle (min) Tolerance Package 
pPD41256C-80 80 ns 160 ns 70 ns +£5% 16-pin plastic DIP 

C-85 85 ns 165 ns _ 70 ns 

C-10 100 ns 200 ns 100 ns — + 10% 
p.PD41256L-80 80 ns 160 ns 70 ns +£5% 18-pin plastic leaded chip carrier 

L-85 85 ns 165 ns 70 ns 

L-10 100 ns 200 ns 100 ns +10% 
Pin Identification Absolute Maximum Ratings 
Name Function Voltage on any pin relative to GND, Vy -1.0 to +7.0 V 
Ao-Ags..~dAddressinputs==—=—i‘(ai‘(a*;é‘é‘(CDt*t*;*;~;*;*;~™” Operating temperature, Ta (ambient) Oto +70°C 
CAS Column address strobe Storage temperature, Tsrg ~55 to +125°C 
Din Data input Short-circuit output current, log 50 mA 
Dout Data output Power dissipation, Pp 1.0W 
RAS Row address strobe i eae ee i ge a one ee ee ie 


Exposure to Absolute Maximum Ratings for extended periods may 
WE Write enable affect device reliability; exceeding the ratings could cause permanent 
Aaae a aera ee en ee ee damage. The device should be operated within the limits specified 


one alle under DC and AC Characteristics. 

Voc +5-volt power supply 

NC No connection Recommended Operating Conditions 

_— sé Raremeter Symbol Min’ Typ = Max Unit 

Parameter. +~+~<Symbol.~-~Max Unit Pins Under Test Input voltage, high WH 2.4 Voc + 1.0 Vv 

Inputcapacitance. Gy, 5S pF Ag-Ag Dy Input voltage, low Vit -1.0 0.8 Vv 
“Gp 8 pF RAS, CAS, WE Ambient temperature Ta 0 70 °C 

Output capacitance Cour 7 PF = Dout Notes: 


(1) Voc = +5 V +5% for the —-80 and —85 versions. 


DC Characteristics 
Ta = Oto +70°C; Vocg = +5.0 V £10% 





Parameter Symbol! Min Max Unit Test Conditions 

Standby supply current loca 5.0 mA RAS = Vin; Dour = high impedance 

Input leakage current Nay -10 10 pA Vin = 0 V to Vcc; all other pins not under test = 0 V 
Output leakage current low) -10 10 pA Dour disabled; Voyt = OV to Voc 

Output voltage, low VoL 0.4 Vv lo. = 4.2 mA 

Output voltage, high Vou 2.4 Vv lout = -5 mA 


nN 
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Block Diagram 


AC Characteristics 
Ta = Oto +70°C 


Parameter 
Supply voltage 


Operating supply current, 
average 


Operating supply current, 
RAS-only refresh cycle, 
average 


Operating supply current, 
page cycle, average 


Operating current, CAS 
before RAS refresh cycle, 
average 


Random read or write cycle 
time 


Read-write cycle time 
Page cycle time 
Access time from RAS 
Access time from TAS 


Multiplexer 


Address Buffer 


Symbol 
Voc 
loc 


loca 


loca 


locs 


tac 


tawc 
tec 

trac 
tcac 


CAS Clock 
Generator 


WE Clock 
Generator 


Data /O Bus 
Column Decoder 
Sense Amplifier 


Row Decoder 


Min Max 
4.75 5.25 
90 
80 
70 
80 
180 
185 
70 
80 
40 


#PD41256-85 
Min Max 
4.75 5.25 
90 
80 
70 
80 
165 
195 
70 
85 
40 


Memory Array 


uPD41256-80 


pPD41256-10 

Min Max 

4.5 5.5 
80 
65 
60 
65 

200 

240 

100 
100 
50 


Unit 


mA 


mA 


mA 


mA 


ns 


ns 
ns 
ns 


ns 


pPD41256 


Data-in 
Buffer 


Data-out 
Buffer 





Test Conditions 


RAS, CAS cycling; 


tac = tro (min); 
lo = OMA (Note 5) 


RAS cycling; CAS = Vii 


tac = trac (min); lo = 
0 mA (Note 5) 


RAS = V,; CAS cycling; 


tpc = tpc (min); lo = 
0 mA (Note 5) 


CAS < Vi.; RAS cycling; 
tac = tac (min); /O = 
0 mA (Note 5) 


(Note 6) 


(Note 6) 
(Note 6) 
(Notes 7, 8) 
(Notes 7, 9) 
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AC Characteristics (cont) 





»PD41256-80 pPD41256-85 uPD41256-10 





Parameter Symbol ‘Min Max Min Max ‘Min Max Unit Test Conditions 

Output buffer turnoff delay torr 0 20 0 20 0 25 ns (Note 10) 

Rise and fall transition time tr 3 50 3 50 3 50 ns (Note 4) 
RAS precharge time trp 70 70 90 ns 
. RAS pulse width tras 80 16,000 85 16,000 100 10,000 ns 

RAS hold time . tasH 40 40 50 ns 

CAS pulse width tcas 40 10,000 40 10,000 50 10,000 ns 

CAS hold time tosH 80 85 100 ns 

RAS to CAS delay time taco 20 40 20 45 20 50 ns (Note 11) 
CAS to RAS precharge time torp 10 10 10 ns (Note 12) 
‘CAS precharge time, tcpn 25 25 25 ns 

nonpage cycie 

CAS precharge time, page top 20 20 40 ns 

cycle 

RAS precharge CAS hold trpc 0 0 0 ns 

time 

Row address setup time tasr 0 0 0 ns 

Row address hold time tRAH 10 10 10 ns 

Column address setup time tasc 0 0 0 ns 

Column address hold time tcaH 15 20 15 ns 

Column address hold time tan 55 65 65 ns 

referenced to RAS 

Read command setup time tacs 0 0 0 ns 

Read command hold time taRH 10 10 10 ns (Note 13) 

referenced to RAS 

Read command hold time tRCOH 0 0 0 ns (Note 13) 

referenced to CAS 

Write command hold time twWCH 20 20 25 ns 

Write command hold time twor 60 65 75 ns 

referenced to RAS 

Write command pulse width twp 20 15 15 ns (Note 17) 
Write command to RAS lead tawL 20 30 35 ons 

time 

Write command to CAS lead -- tow. 20 30 35 ns 

time . 

Data-in setup time — tos. . 0 0 0) ns (Note 14) 

Data-in hold time ton 20 20 25 ns (Note 14) 

Data-in hold time referenced tour 60 65 75 ns 

to RAS 

Refresh period tReE 4 4 4 ms Addresses Ag - Az 
WE command setup time twos 0 0 0 ns (Note 15) 
CAS to WE delay tcowp 40 40 50 ns (Note 15) 
RAS to WE delay tawp 80 85 100 ns (Note 15) 
CAS setup time for CAS tcsR 10 10 10 ns (Note 16) 
‘before RAS refresh cycle j 


» 
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AC Characteristics (cont) 


pPD41256-80 


Parameter Symbol Min Max 
TAS hold time for CAS tour 20 

before RAS refresh cycle 

Read-write cycle time trac N/A 

(counter test cycle) 

Read-write cycle time trawc N/A 


(counter test cycle) 


Notes: 


(1) 
(2) 


(3) 
(4) 


(5) 


(6) 


(8) 


(9) 
(10) 


(11) 


All voitages are referenced to GND. 


An initial pause of 100 us is required after power-up, followed by 
any eight RAS cycles, before proper device operation is 
achieved. 


AC measurements assume ty = 5ns. 


Vin. (min) and Vy (max) are reference levels for measuring the 
timing of input signals. Transition times are measured between 
Vin and Vit: 


Ioc1: loca: loca, and Io¢cs5 depend on output loading and cycle 
rates. Specified values are obtained with the output open. 


The minimum specifications are used only to indicate the cycle 
time at which proper operation over the full temperature range 
(Ta = 0 to +70°C) is assured. 


Output load = 2 TTL loads and 100 pF 


Assumes that tacp = tacp (max). If tacp is greater than the 
maximum recommended value shown in this table, taac will 
increase by the amount that tacp exceeds the value shown. 


Assumes that tacp 2 tacp (max) 


torr (max) defines the time at which the output achieves the 
open-circuit condition and is not referenced to Voy or VoL. 


Operation within the tacp (max) limit assures that trac (max) 
can be met. tacp (max) is specified as a reference point only. If 
tacp is greater than the specified tacp (max) limit, then access 
time is controlled exclusively by tcac. 


N/A 


N/A 


pPD41256-85 
Min 
15 


(12) 


(13) 
(14) 


(15) 


(16) 


(17) 


(18) 


uPD41256-10 


Max Min Max Unit Test Conditions 
20 ns (Note 16) 
220 ns (Note 18) 
260 ns (Note 18) 
The tcrp requirement should be applicable for RAS/CAS cycles 


preceded by any cycle. 
Either tany OF tac} Must be satisfied for a read cycle. 


These parameters are referenced to the leading edge of CAS in 
early write cycles and to the leading edge of WE in delayed write 
or read-modify-write cycles. 


twos, tcwp, and tawp are restrictive operating parameters in 
read-write and read-modify-write cycles only. If twos = twos 
(min), the cycle is an early write cycle and the data output will 
remain open-circuit throughout the entire cycle. If tcwp = tcwp 
(min) and tawp = trawp (min), the cycle is a read-write cycle and 
the data output will contain data read from the selected cell. If 
neither of the above conditions is met, the condition of the data 
output (at access time and until CAS goes back to Vj) is 
indeterminate. 


DIP products with process codes E, K, P and X do not have the 
CAS before RAS refresh feature. All other package types and 
process codes do have CAS before RAS refreshing. 


On DIP products with process codes E, K, P and X, the external 
address inputs are required in hidden refresh cycles and the 
address timing must satisfy tasa and taay, which are specified 
with respect to the falling edge of RAS. 


twp is applicable for a delayed write cycle. If the cycle is early 
write, it should be satisfied with the specified value of twor. 


trac and trraw. are applicable for a CAS before RAS refresh 
counter test cycle. 
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Timing Waveforms 


Read Cycle 


tRAH tasc 'CAH 
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High Impedance 
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Timing Waveforms (cont) 
Early Write Cycle 


tRAS 
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Timing Waveforms (cont) 
Hidden Refresh Cycle 
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Timing Waveforms (cont) 


CAS Before RAS Refresh Cycle 





High Impedance 


High Impedance 
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Timing Waveforms (cont) 


Read-Write/Read-Modify-Write Cycle 
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Timing Waveforms (cont) 


Page Read Cycle 
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Timing Waveforms (cont) 


Page Early Write Cycle 
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Timing Waveforms (cont) 
Page Read-Write/Read-Modify-Write Cycle 


t 





pyPD41256 


CAS Before RAS Refresh Counter Test 


The pPD41256 provides a method to verify proper 
operation of the internal address counter used in CAS 
before RAS refreshing. After a CAS before RAS refresh 
cycle is initiated, CAS satisfies a hold time (tour), a 
precharge time (tcp), and then returns low while RAS is 
held low to enable read, write, or read-modify-write 
operation. As shown in the appropriate timing wave- 
forms, a refresh counter test can be initiated at this 
point on specified row and column addresses. The row 
is selected by the internal address counter, and the 
column is defined by an external address supplied at 
the second falling edge of CAS. Test patterns can be 
generated in several ways; the following example is 
one possibility. Any pattern must be preceded by the 
normal power-up procedure containing a pause of 100 
us and then eight RAS cycles to initialize the internal 
counter. 
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(1) 


(2) 


(3) 


(4) 


NEC 


Write “0” into 256 memory cells with 256 CAS 
before RAS refresh counter test write cycles. Use 
the same column address in each cycie. 


Use a counter test read-modify-write cycle to read 
the “O” written in the first cycle of step 1 and then 
write a “1” into that location in the same cycle. 
Perform this operation 256 times, until a “1” is 
written into each of the 256 memory cells. Con- 
tinue using the same column address as specified 
in step 1. 


Read each “1” written in step 2 using a counter 
test read cycle. 


Complement the test pattern and repeat steps 1, 
2, and 3. 


N. E Cc uPD41256 


Timing Waveforms (cont) 
CAS Before RAS Refresh Counter Test Read Cycle 


CAS | 


{CSH tCPN 


tRAC————_—_—_——— 


High Impedance 
‘ Valid Data Out p 
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Timing Waveforms (cont) 
CAS Before RAS Refresh Counter Test Write Cycle 
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Timing Waveforms (cont) 


CAS Before RAS Retresh Counter Test Read-Modify-Write Cycle 
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NEC Electronics Inc. 


Description 


The uPD41464 is a 65,536-word by 4-bit dynamic RAM 
designed to operate from a single + 5-volt power sup- 
ply and fabricated with a double polylayer, N-channel 
silicon-gate process for high density, high perfor- 
mance, and high reliability. A single-transistor storage 
cell and advanced dynamic circuitry ensure minimum 
power dissipation, while an on-chip feature internally 


generates the negative voltage substrate bias—au-— 


tomatically and transparently. 


The three-state I/O is controlled by CAS independent of 
RAS. After a valid read or hidden refresh cycle, data is 
held by holding CAS low. Data input and output is 
returned to high impedance by returning CAS high. 
Hidden refreshing allows CAS to be held low to main- 
tain output data while RAS is used to execute RAS-only 
refresh cycles. 


Refreshing may be accomplished by means of a CAS 
before RAS cycle that internally generates the refresh 
address, by means of RAS-only refresh cycles, or by 
normal read or write cycles on the 256 address combi- 
nations of Ap through A7 during a 4-ms refresh period. 


Features 


65,536-word by 4-bit organization 

Single + 5-volt =10% power supply 

CAS before RAS internal refreshing 

Multiplexed address inputs 

On-chip substrate bias generator 

Low power dissipation 

— 28 mA max (standby) 

— 440 mW (active, tac = tac min) 

Nonlatched, TTL-compatible inputs and outputs 
Low input capacitance 

256 refresh cycles every 4 ms 

Standard 18-pin plastic DIP and PLCC packaging 


no0ono0o0a6d 


o0oaqg 


Ordering Information 


Part Number Row Access Time (max) Package 
HPD41464C-80 80 ns 18-pin plastic DIP 
C-10 100 ns 
C-12 120 ns 
UPD41464L-80 80 ns 18-pin PLCC 
L-10 100 ns 
L-12 120 ns 


60072 


pPD41464 
65,536 x 4-Bit 
Dynamic NMOS RAM 


Pin Configurations 


18-Pin Plastic DIP 





831H-5117A 
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Pin Identification 








Name Function 
Ao - A7 Address inputs 
YO, - V/O4 Data inputs and outputs 
CAS Column address strobe 
OE Output enable 
RAS Row address strobe 
WE Write enable 
GND Ground - 
Voc +5-volt power supply 
NC No. connection 
‘Capacitance 
Ta.= 25°C; f = 1 MHz 
Parameter Symbol Max Unit Pins Under Test 
-.. Input capacitance Cy ‘5. pF .Ag through Ay 
i Cro 8 pF RAS, CAS, WE, OE 
Inputfoutput capacitance Co | 7 pF I/O, through I/O, . 


‘Block Diagram 


CAS Clock 
Generator 


RAS Clock 
Generator -- 


CAS Before RAS 


Internal Refresh 
Clock 


Refresh Address 
Counter 


Multiplexer 
Address Buffer 


Absolute Maximum Ratings 


Voltage on any pin relative to GND -1.0 to +7.0V 
Operating temperature, Topa Oto +70°C 
Storage temperature, Tstq -5§ to +125°C 
Short-circult output current, log 50 mA 
Power dissipation, Pp -1.0W 


Exposure to Absolute Maximum Ratings for extended periods may 
affect device reliability; exceeding the ratings could cause permanent 
damage. The device should be operated within the limits specified 
under DC and AC Characteristics. 


Recommended Operating Conditions , 
Unit 


Parameter Symbol Min Typ Max 

Input voltage, high =. Vy 24 Voc + 1 Vv 
Input voltage, low Vit -1 0.8 Vv 
Supply voltage Voc 45 5.0 5.5 Vv 
Ambient temperature Tay 0 70 0G 





WE Clock 
Generator 


OE Clock 
Generator 


Data /O Bus 
> Column Decoder 
Sense Amplifier 


Memory Array ; 


Data-out 
_ Buffer 
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DC Characteristics 
Ta = Oto + 70°C; Voog = +5.0V 10% 








Parameter — Symbol Min Max Unit Test Conditions 
Standby current loco 5.0 mA RAS = CAS = Vin 
Input leakage current Ww ~10 10 vA Vin = OV to Veg; all other pins not under test = 0V 
Output leakage current low ~10 10 HA /O is high-Z; Vyo = OV to Veg 
Output voltage, low VoL 0 0.4 V lo, = 4.2 mA 
Output voltage, high Vou 2.4 Voc Vv lon = -5 mA 
AC Characteristics 
Ta = 0-to-+70°C; Vog = +5.0V 410% 
pPD41464-80 yuPD41464-10 sPD41464-12 
Parameter Symbol Min Max Min Max Min Max Unit Test Conditions 
Operating current, average loc 85 80 75 mA _ RAS, CAS cycling; 

; tac = tro min (Note 5) 
Operating current, refresh cycle, locs 70 65 60 mA RAS cycling; CAS = Vy; 
average : tro = tro min (Note 5) 
Operating current, page cycle, average loca 60 55 50 mA RAS = Vy; CAS cycling; 

tpco = tpo min (Note 5) 
Operating current, CAS before RAS loos 70 70 65 mA RAS cycling; CAS = Vin; 
refresh cycle, average taco = tao min (Note 5) 
Random read or write cycle time tac 160 200 220 ns (Note 6) - 
Read-write cycle time tawe 230 270 300 ns _—_ (Note 6) 
Page cycle time tpc 70 100 120 ns (Note 6) 
Refresh period tper 4 4 4 ms 
Access time from RAS trac 80 100 120 ns .- (Notes 7, 8) 
Access time from CAS toac 40 50 60 ns __ (Notes 7, 9) 
Ouput buffer turnoff delay torr ce) 20 (0) 25 0 30 ns (Note 10) 
Rise and fall transition time tr 3 50 50 3 50 ns___ (Notes 2, 3) 
RAS precharge time trp 70 90 90 ns 
RAS pulse width tras 80 10000 100 10000 120 10000 ns 
RAS hold time tas 40 50 60 ns 
CAS pulse width toas 40 10000 50 10000 60 10000 ons 
CAS hold time tesH 80 100 120 ns 
RAS to CAS delay time trep 20 40 20 50 25 60 ns _—_ (Note 11) 
CAS to RAS precharge time torp 10 10 10 ns _ (Note 12) 
CAS precharge time for nonpage cycle topn 25 25 25 ns 
CAS precharge time for page cycle top 30 40 50 ns 
RAS precharge CAS hold time tapc 0 0 ) ns 
Row address setup time tasr ie) 0 0 ns 
Row address hold time tRAH 10 10 15 ns 
Column address setup time tasc 0 0 0 ns 
Column address hold time tcaH 15 15 20 ns 
Column address hold time referencedto tap 55 65 80 ns 


RAS 


wo 
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AC Characteristics (cont) 
pPD41464-80 pPD41464-10 pPD41464-12 
Parameter Symbol Min Max Min Max Min Max Unit Test Conditions 


Read command hold time referenced to RAS — tan 10 10 10 ns (Note 13) 
Read command hold time referenced to CAS — tacy 0 ie) 0 ns_ = (Note 13) 
Write command hold time tWCH 20 25 30 ns 

Write command hold time referenced to RAS twcor 60 75 90 ns 

Write command pulse width twp 20 15 20 ns 

Write command to RAS lead time tawL 30 35 40 ns 

Write command to CAS lead time tow. 30 35 40 ns 

Data-in setup time tos 0 0 0 ns (Note 14) 
Data-in hold time tou 20 25 30 ns (Note 14) 
Data-in hold time referenced to RAS tour 60 75 90 ns 

Write command setup time twcs 0 0 0 ns (Note 15) 
RAS to WE delay tawo 105 130 155 ns (Note 15) 
CAS to WE delay tcwo 65 80 95 ns (Note 15) 
Access time from OE toca 20 25 80 ns 

Data delay time toep 20 25 30 ns 

SE command hold time tocH 0 0 0 ns 

Output turnoff delay from OE toez 0 20 0 25 0 30 ~—sns 

GE to RAS inactive setup time toes 10 10 10 ns 

Read or write cycle time for counter test cycle = trrnc 185 220 245 ns (Note 16) 
Read or write cycle time for counter test cycle trawco 245 290 325 ns (Note 16) 
CAS setup time for CAS-before RAS refresh tosr 10 10 10 ns 

cycle 

aon hold time forCAS before RAS refresh tcHR 15 20 25 ns 

cycle 


> 
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Notes: 


(1) 


(2) 
(3) 


(4) 
(6) 


(6) 


(7 
@ 


— 


Q 


— 


An initial pause of 100 ws (RAS inactive) is required after 
power-up, followed by any eight RAS cycles, before proper device 
operation is achieved. 


AC measurements assume ty = 5ns. 


Vii (min) and Vi. (max) are reference levels for measuring the 
timing of input signals. 


All voltages are referenced to GND. 


\oc1: loca: Ioc4, and Iocg depend on output loading and cycle 
tates. Specified values are obtained with the output open. For lot 
code K of the 1PD41464-15, tac (min) must be 270 ns and Ioc3 
= 60 mA. 


The minimum specifications are used only to indicate the cycle 
time at which proper operation over the full temperature range 
(Ta = Oto +70°C) is assured. For lot code K of the 1PD41464-15, 
tac (min) must be 270 ns. 


Load = 2 TTL loads and 100 pF 


Assumes that tacp = tacp (max). If tacp is greater than the 
maximum recommended value in this table, taac increases by 
the amount that tacp exceeds the value shown. For a CAS before 
RAS refresh counter test cycle, trac is specified as taac = tour 
+ top + tcac + 2t7 and is greater than the maximum specified 
value shown in this table. 


Assumes that tacp 2 tacp (max). 


(10) 


(11) 


(12) 


torr (max) and togz (max) define the time at which the output 
achieves the open-circuit condition and are not referenced to 
Vou oF VoL. 
Operation within the taop (max) limit assures that taac (max) 
can be met. tacp (max) is specified as a reference point only; if 
tacp is greater than tacp (max), access time is controlled 
exclusively by tcac. 


The tcrp requirement should be applicable for RAS/CAS cycles 
preceded by any cycle. 


(13) Either tany oF tacp, must be satisfied for a read cycle. 


(14) These parameters are referenced.to the leading edge of CAS for 


(15) 


(16) 


early write cycles and to the leading edge of WE for delayed write 
or read-modify-write cycles. 


twos; tcwp, and tawp are restrictive operating parameters in 
read-write/read-modify-write cycles only. If twos = twos (min), 
the cycle is an early write cycle and the data I/O pins will remain 
high impedance throughout the entire cycle. If towp = tcowp 
(min), tawp = trwp (min), the cycle is a read-write cycle and the 
data I/O pins will contain data read from the selected cell. If 
neither of the above conditions is met, the condition of the data 
/O pins (at access time and until CAS returns to Vj) is 
indeterminate. 


trac and trawc ate applicable for CAS before RAS refresh 
counter test cycles. 
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Timing Waveforms 
Read Cycle 
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Timing Waveforms (cont) 
Early Write Cycle 





pPD41464 


| 


wmes ILL LLL LLL, 


yPD41464 N; K Cc 


Timing Waveforms (cont) — 


OE -Controlled Write Cycle 
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Timing Waveforms (cont) 
Read-Write/fiead-Modify-Write Cycle 


Address 
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Timing Waveforms (cont) 


Page Read Cycle 
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Timing Waveforms (cont) 
Page Write Cycle (Early Write) 
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Timing Waveforms (cont) 
Page Read-Write/Read-Modify-Write Cycle 
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Timing Waveforms (cont) 
RAS-Only Refresh Cycle 
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Timing Waveforms (cont) 





Address 
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CAS Before RAS Refresh Cycle 


Don't Care 


High Impedance 
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Timing Waveforms (cont) 
Hidden Refresh Cycle 
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CAS Before RAS Refresh Counter Test 


The »PD41464 provides a method to verify proper oper- 
ation of the internal address counter used in CAS before 
RAS refreshing. After a CAS before RAS refresh cycle is 
initiated, CAS satisfies a hold time (tou), a precharge 
time (tcp), and then returns low while RAS is held low to 
enable read, write, or read-modify-write operation. As 
shown in the appropriate timing waveforms, a refresh 
counter test can be initiated at this point on specified 
row and column addresses. The row is selected by the 
internal address counter, and the column is defined by 
an external address supplied at the second falling edge 
of CAS. Test patterns can be generated in several ways; 
the following example is one possibility. Any pattern 
must be preceded by the normal power-up procedure 
containing a pause of 100 ps and then eight RAS cycles 
to initialize the internal counter. 
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(1) Write “0” into 256 memory cells with 256 CAS before © 
RAS refresh counter test write cycles. Use the same 
column address in each cycle. 


(2 


——_ 


Use a counter test read-modify-write cycle to read 
the “O” written in the first cycle of step 1 and then 
write a “1” into that location in the same cycle. 
Perform this operation 256 times, until a “1” is 
written into each of the 256 memory cells. Continue 
using the same column address as specified in step 
1. 


Read each “1” written in step 2 using a counter test 
read cycle. 


(3 


— 


(4) Complement the test pattern and repeat steps 1, 2, 
and 3. 
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Timing Waveforms (cont) 
CAS Before RAS Refresh Counter Test Read Cycle 
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Timing Waveforms (cont) 
CAS Before RAS Refresh Counter Test Write Cycle 
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Timing Waveforms (cont) 
CAS Before RAS Refresh Counter Test Read-Modify-Write Cycle 





Address 


High Impedance 
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1M DRAMs 








1M DRAMs 


Section 4 
41M DRAMS 


»PD Organization Features 
421000 i1Mx1 Fast-page (See App Note 53.) 4a 
424256 256K x 4 Fast-page 4b 
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NEC Electronics Inc. 


Description . 
The uPD421000 is a fast-page dynamic RAM organized 


as 1,048,576 words by 1 bit and designed to operate. 


from asingle +5-volt power supply. Advanced polycide 
technology using trench capacitors minimizes silicon 
area and provides high storage cell capacity, high 
performance, and high reliability. A single-transistor 
dynamic storage cell and advanced CMOS circuitry 
throughout ensure minimum power dissipation, while 
an on-chip circuit internally generates the negative- 
voltage substrate bias—automatically and transpar- 
ently. . 


The three-state output is controlled by CAS indepen- 
dent of RAS. After a valid read or read-modify-write 
cycle, data is held on the output by holding CAS low. 
The data output is returned to high impedance by 
returning CAS high. Fast-page read and write cycles 
can be executed by cycling CAS. 


Refreshing may be accomplished by means of a CAS 
before RAS cycle that internally generates the refresh 
address, Refreshing can also be accomplished by 
means of RAS-only refresh cycles or by normal read or 
write cycles on the 512 address combinations of Ag - 
Ag during an 8-ms refresh period. 


Features 


1,048,576-word by 1-bit organization 
Single +5-volt power supply 
Fast-page option 

CAS before RAS refresh cycles 
Multiplexed address inputs 

On-chip substrate bias generator 
Nonlatched, three-state outputs 

Low input capacitance 
TTL-compatible inputs and outputs 
512 refresh cycles every 8 ms 
High-density 18-pin DIP, 26/20-pin SOu, 
20-pin ZIP, or 24/20-pin TSOP plastic packaging 


Oo0no0ono0dwvUdudndcmvUuouocmUmaamon ooo 
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uPD421000 
1,048,576 x 1-Bit 
Dynamic CMOS RAM 


Pin Configurations 


18-Pin Plastic DIP 
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Pin Configurations (cont) 


24/20-Pin Plastic TSOP (Normal Pinouts) 





»PD421000 


Suffix -JJH In the package Identifier 
denotes normal pinout sequence. 


Pin Identification 





Name Function 

Ao - Ag Address inputs 

CAS Column address strobe 
Din Data input 

Dout Data output 

RAS Row address strobe 
WE Write enable 

GND Ground 

Voc + 5-volt power supply 
NC No connection 





24/20-Pin Plastic TSOP (Reverse Pinouts) 


»PD421000 


Suffix -JKH in the package Identifier 
denotes reverse pinout sequence. 
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Ordering Information 





Part Number 
pUPD421000C-60 
C-70 
C-80 
C-10 
uPD421000C-60L 
C-70L 
C-80L 
C-10L 
uPD421000LA-60 
LA-70 
LA-80 
LA-10 
uUPD421000LA-60L 
LA-70L. 
LA-80L 
LA-10L 
uUPD421000V-60 
V-70 
V-80 
V-10 
uPD421000V-60L 
V-70L 
V-80L 
V-10L 
uPD421000GX-60 
GX-70 
GX-80 
GX-10 
HPD421000GX-60L 
GX-70L 
GX-80L 
GX-10L 
uPD421000GXM-60 
GXM-70 
GXM-80 
GXM-10 
uPD421000GXM-60L 
GXM-70L 
GXM-80L 
GXM-10L 


RAS Access 
Time (max) 


60 ns 
70 ns 
80 ns 
100 ns 
60 ns 
70 ns 
80 ns 
100 ns 
60 ns 
70 ns 
80 ns 
100 ns 
60 ns 
70 ns 
80 ns 
100 ns 
60 ns 
70 ns 
80 ns 
100 ns 
60 ns 
70 ns 
80 ns 
100 ns 
60 ns 
70 ns 
80 ns 
100 ns 
60 ns 
70 ns 
80 ns 
100 ns 
60 ns 
70 ns 
80 ns 
100 ns 
60 ns 
70 ns 
80 ns 
100 ns 


R/W Cycle 
Time (max) 


120 ns 
130 ns 
160 ns 
190 ns 
120 ns 
130 ns 
160 ns 
190 ns 
120 ns 
130 ns 
160 ns 
190 ns 
120 ns 
130 ns 
160 ns 
190 ns 
120 ns 
130 ns 
160 ns 
190 ns 
120 ns 
130 ns 
160 ns 
190 ns 
120 ns 
130 ns 
160 ns 
190 ns 
120 ns 
130 ns 
160 ns 
190 ns 
120 ns 
130 ns 
160 ns 
190 ns 
120 ns 
130 ns 
160 ns 
190 ns 


Fast-Page Cycle 
(max) 


40 ns 
45 ns 
50 ns 
60 ns 
40 ns 
45 ns 
50 ns 
60 ns 
40 ns 
45 ns 
50 ns 
60 ns 
40 ns 
45 ns 
50 ns 
60 ns 
40 ns 
45 ns 
50 ns 
60 ns 
40 ns 
45 ns 
50 ns 
60 ns 
40 ns 
45 ns 
50 ns 
60 ns 
40 ns 
45 ns 
50 ns 
60 ns 
40 ns 
45 ns 
50 ns 
60 ns 
40 ns 
45 ns 
50 ns 
60 ns 


Refresh Standby 
Period Current 
8 ms 1mA 
64 ms 200 yA 
8 ms 1mA 
64 ms 200 pA 
8 ms 1mA 
64 ms 200 pA 
8 ms 1 mA 
64 ms 200 A 
8 ms 1mA 
64 ms 200 yA 


Package 
20-pin plastic DIP 


26/20-pin plastic SOJ 


20-pin plastic ZIP 


24/20-pin plastic TSOP (normal 


pinouts) 


24/20-pin plastic TSOP (reverse 


pinouts) 
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Block Diagram 


Data VO Bus 


a 
Sense Amplifier 





Absolute Maximum Ratings — Recommended Operating Conditions 

Voltage on any pin relative to GND —1.0 to+7.0V Parameter Symbol Min Typ Max Unit 
Operating temperature, Topr 0 to +70°C Input voltage, high Vin 24 Véc + 1.0 Vv 
Storage temperature, Tgta —55 to + 125°C Input voltage, low Vit eel: 0.8 V 
Short-circuit output current, log 50 mA Supply voltage Voc 45 5.0 5.5 7 ON 


Power dissipation, Pp 1.0W Ambient temperature Ta 0 70 °C 


Exposure to Absolute Maximum Ratings for extended periods may 

affect device reliability; exceeding the ratings could cause perma- Capacitance 
nent damage. The device should be operated within the limits Ta = 25°C; f = 1 MHz 
specified under DC and AC Characteristics. 


_ Parameter Symbol Max Unit Pins Under Test 
Input capacitance Cy 5 pF Address, Diy 
. Cp 7 pF RAS, CAS, WE 
Output capacitance . Co 7: PF § Dout 


NEC 
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DC Characteristics 


Ta = 0 to +70°C; Vog = +5.0V +10% 


Parameter 


Standby current 


Input leakage current 


Output leakage current 
Output voltage, low 


Output voltage, high 


AC Characteristics 


Symbol 


lece2 


lu 


loi) 
VoL 
Vou 


Ta = 0 to +70°C; Veg = +5.0V +10% 


Parameter 
Operating current, 
average 


Operating current, 
RAS-only refresh cycle, 
average 


Operating current, 
fast-page cycle, average 


Operating current, 
CAS before RAS refresh 
cycle, average 


Access time from 
column address 


Access time from CAS 
precharge (rising edge) 
Column address hold 
time referenced to RAS 


Column address 
setup time 


Row address setup time 


Column address to WE 
delay time 


Access time from CAS 
(falling edge) 

Column address 

hold time 

CAS pulse width 


CAS hold time for CAS 
before RAS refresh cycle 


CAS precharge time, fast- 
page cycle 

CAS precharge time, 
nonpage cycle 


CAS to RAS 
precharge time 


Symbol Min 
loos 

lees 

loca 

lees 

taA 

tacp 

tan N/A 
tasc 0 

tasr 0 

tawD 30 
toac 

toaH 15 
toas 20 
tour 15 
top 10 
topn 10 
torp 10 


Max 
90 


90 


80 


90 


30 


35 


20 


10,000 


Min 


Min 


N/A 


35 


17 


20 
15 


Max 
80 


70 


80 


35 


40 


10,000 


2.0 
1.0 
10 


0.4 


Veco 


60 


Max 
70 


70 


60 


70 


45 


45 


20 


20 


10,000 


20 


Unit 
mA 
mA 


yA 


MA 


70 


50 


20 


25 
20 


10 


10 


-10 
Max 
60 


60 


50 


60 


50 


55 


20 


25 


10,000 


25 


Test Conditions 
RAS = CAS = Vin 
RAS = CAS = Voc -0.2V 


Vin = 0 to 5.5 V; 
all other pins not under test = 0V 


Dout disabled; Voyt = 0 to 5.5 V 


lo. = 4.2 mA 
lon = -5 mA 

Unit Test Conditions 

mA __ RAS, CAS cycling; 
tro = tac min (Note §) 

mA RAS cycling; CAS = Vin; 
tac = trac min (Note 5) 

mA RAS = Vi; CAS cycling; 
tpc = tpc min (Note 5) 

mA RAS cycling; CAS before 
RAS; tac = trac min 
(Note 5) 

ns (Notes 7, 10, 13) 

ns (Notes 7, 13) 

ns (Note 19) 

ns (Note 13) 

ns 

ns (Note 18) 

ns (Notes 7, 9, 10, 13) 

ns 

ns 

ns 

ns__—_ (Note 13) 

ns 

ns___ (Note 14) 
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AC Characteristics (cont) 











-60 ; -70 -80 -10 

Parameter Symbol Min Max Min Max Min Max Min Max _ Unit Test Conditions 
CAS hold time tos 60 70 80 100 ns 
CAS setup time for CAS tcosr 10 10 10 10 ns 
before RAS refresh cycle 
CAS to WE delay towp 20 20 20 25 ns (Note 18) 
Write command to tow. 15 15 15 20 ns 
CAS lead time 
Data-in hold time ton 15 15 20 20 ns (Note 17) 
Data-in hold time tpHR N/A N/A 60 70 ns (Note 19) 
referenced to RAS 
Data-in setup time tps ce) 0 ie) 0 ns (Note 17) 
Output buffer torr 0 15 ce) 15 0 20 0 25 ns _—_ (Note 11) 
turnoff delay 
Fast-page cycle time tpco 40 45 50 60 ns (Note 6) 
Access time from RAS trac 60 70 80 100 ns __ (Notes 7, 8) 
RAS to column address trap 15 30 15 35 17 35 17 50 ns (Note 10) 
delay time 
Row address hold time tRAH 10 10 12 12 ns 

~ Column address lead traL 30 35 45 50 ns 
time referenced to RAS 
(rising edge) 
RAS pulse width tras 60 10,000 70 10,000 80 10,000 100 10,000 ons 
RAS pulse width, trasp 60 10,000 70 100,000 80 100,000 100 100,000 _ ns 
fast-page cycle 
Random read or write tro 120 130 160 190 ns __ (Note 6) 
cycle time 
RAS to CAS delay time trop 20 40 20 50 25 60 25 75 ns __ (Note 12) 
Read command hold time tracy 0 (e) 0 0 ns (Note 15) 
referenced to CAS 
Read command tacos 0 0 0 0 ns 
setup time 
Refresh period treEF 8 8 8 8 ms Addresses Ap - Ag 
RAS precharge time trp 50 50 70 80 ns 
RAS precharge CAS trpc 10 10 0 0 ns 
hold time 
Read command hold time — trarny 10 10 10 10 ns (Note 15) 
referenced to RAS 
RAS hold time trsH 20 20 20 25 ns 
Read-write cycle time tawe 145 155 190 225 ns __ (Note 6) 
RAS to WE delay trwo 60 70 80 100 ns _ (Note 18), 
Write command to tAWL 20 20 25 30 ns 
RAS lead time 
Rise and fall ty 3 50 3 50 3 50 3 50 ns (Note 4) 
transition time 
Write command tweoH 15 15 15 20 ns 


hold time 
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AC Characteristics (cont) 











-60 -70 -80 -10 
Parameter Symbol Min Max Min Max “Min Max Min Max _ Unit Test Conditions 
Write command hold twor N/A N/A 55 70 ns _—_ (Note 19) 
time referenced to RAS 
Write command twes 0 0 0 0 ns _—_ (Note 18) 
setup time 
Write command twp 15 15 15 20 ns (Note 16) 
pulse width 
Notes: 
(1) All voltages are referenced to GND. (13) For fast-page read operation, the definition of access time is as 
follows: 


(2) An initial pause of 100 ys is required after power-up, followed by 


any eight RAS cycles, before proper device operation is 
CAS and Column Address 


achieved. ; P 
Input Conditions Access Time Definition 
(3) AC measurements assume tt = 5ns. SS 
; : top <= tcp (max), t >t t 
(4) Vin (min) and Vj (max) are reference levels for measuring the cp S top (max), tasc oP ied 
timing of input signals. Transition times are measured between top = top (max), tasc = tcp taa 
Vin and Vi. 
ih is tcp = top (max), tasc = tasc (max) tan 
5) | | 4 , and | depend on output loading and cycle 
(©) Icon lees, loo4 cos dep Pp g y top = top (max), tage = top we 


rates. Specified values are obtained with the output open. Iocg 
is measured assuming that all column address inputs are held at 
either a high level or a tow level during RAS-only refresh cycles. 
loc4 is measured assuming that all column address inputs are 


(14) The topp requirement should be applicable for RAS/CAS cycles 
preceded by any cycle. 


switched only once during each fast-page cycle. (15) Either tany or tacy must be satisfied for a read cycle. 

(6) The minimum specifications are used only to indicate the cycle (16) Parameter twp is applicable for a delayed write cycle such as a 
time at which proper operation over the full temperature range read-write/read-modify-write cycle. For early write operation, 
(Ta = Oto + 70°C) is assured. both twos and twou must be met. 

(7) Load = 2 TTL (-1 mA, +4 mA) loads and 100 pF. (17) These parameters are referenced to the falling edge of CAS for 


early write cycles and to the falling edge of WE for delayed write 


(8) Assumes that tacp = tacp (max) and trap < trap (max). If or read-modify-write cycles. 


trop oF trap is greater than the maximum recommended value 
in this table, taac increases by the amount that tacp or trap _—«—(18): twes, trwp, towp, and tawp are restrictive operating parame- 
exceeds the value shown. ters in read-write/read-modify-write cycles only. Iftwos = twos 
(min), the cycle is an early write cycle and the data output will 
remain open-circuit throughout the entire cycle. Iftowp = tcewo 
(10) If trap = trap (max), then the access time is defined by taa. (min), tawp = trwp (min), and tawp = tawp (min), the cycle is 
(11) togp (max) defines the time at which the output achieves the a read-write cycle and the data output will contain data read 

open-circuit condition and is not referenced to Voy or VoL. from the selected cell. If neither of the above conditions is met, 


. ane oh the condition of the data output pin (at access time and until 
(12) Operation within the trop (max) limit assures that tRAC (max) CAS returns to Vij) is indeterminate. 
can be met. tacp (max) is specified as a reference point only; if 


trcp is greater than taop (max), then access time is controlled 
exclusively by toac. 


(9) Assumes that tacp = tacp (max) and tpan s trap (max). 


(19) This parameter is not needed for the pPD421000-60 and 
uPD421000-70. 


~“ 
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Low-Power Battery Backup (-L Versions Only) 


The pPD421000-L is capable of low-power battery 
backup during times of reduced system power, when 
the input buffers and ali nonessential internal circuits 
are turned off. For the input buffers to be turned off and 
the amount of leakage current flowing through them 
reduced, the uPD421000-L must be in standby and all 
control lines within 0.2V of either Vog or GND, as 
appropriate. When RAS and CAS are both within 0.2 V 
of Voc, the internal circuits are inactive and power 
requirements reduced even further. Standby current 
can drop as low as 200 WA. 


Battery Backup Current 


Symbol Max Unit CAS Before RAS Refresh Cycle 
loce 200 uA tras <= 300 ns 

loce 300 HA tras = 300 ns and <= 1 ps 

tREF 64 - ms 


CAS before RAS refresh cycles are executed at a 
minimum rate to ensure that all 512 rows are refreshed 
only once every 64 ms. The time that RAS is low (tras) 
and the uPD421000-L active needs to be as short as 
possible, typically less than 300 ns, to minimize power 
usage during refresh operation. The following table 
shows the conditions under which the lowest average 
standby current can be obtained. 


Standby Conditions 


RAS = CAS = Voc - 0.2 V; OF = Voc - 02 V; 
WE = Addresses 2 Voc -0.2V ors 02 V; Diy 
= Voo.- 0.2 V or < 0.2 V or high-Z 
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Timing Waveforms 


Read Cycle 
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Timing Waveforms (cont) 


Early Write Cycle 
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Timing Waveforms (cont) 


Read-Write/Read-Modify-Write Cycle 


= ZOOL | 
—_ 


mn a Soe eee 


tos 
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Timing Waveforms (cont) 


Fast-Page Read Cycle 
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Timing Waveforms (cont) 


Fast-Page Early Write Cycle 





831H-8638B 
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Timing Waveforms (cont) 


Fast-Page Read-Write/Read-Modify-Write Cycle 
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Timing Waveforms (cont) 


Hidden Refresh Cycle 


CAS Before RAS Cycle 
tro 





15 
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Timing Waveforms (cont) 


RAS-Only Retresh Cycle 


Note: 
{1] WE and Address = don't care. 





NEC ae 
. 262,144 x 4-Bit 


NEC Electronics Inc. | - Dynamic CMOS RAM 


Description | Pin Configurations 


The uPD424256 is a fast-page dynamic RAM organized 2 - 

as 262,144 words by 4 bits ad designed to ae ia eile il 
from a single +5-volt power supply. Advanced polycide 
technology using trench capacitors minimizes silicon 
area and provides high storage cell capacity, high 
performance, and high reliability. A single-transistor 
dynamic storage cell and advanced CMOS circuitry 
throughout ensure minimum power dissipation, while 
an on-chip circuit generates the negative-voltage sub- 
strate bias automatically and transparently. 


The three-state I/O pins are controlled by CAS indepen- 
dent of RAS. After a valid read or read-modify-write 
cycle, data is held on the outputs by maintaining CAS 
low. The data outputs are returned to high impedance 
by returning CAS high. Fast-page read and write cycles 
can be executed by cycling CAS. 


Refreshing may be accomplished by means of a CAS 
before RAS cycle whereby the refresh addresses are 
internally generated. Refreshing may also be accom- 
plished by means of RAS-only refresh cycles or by 
normal read or write cycles on the 512 address combi- 
nations of Ap through-Ag during an 8-ms refresh period 
(64 ms for -L versions). © 


Features 


262,144-word by 4-bit organization 
Single +5-volt power supply 
Fast-page option 

Low power available in -L version 
CAS before RAS internal refreshing 
Multiplexed address inputs 

On-chip substrate bias generator 
Nonlatched, three-state 1/O 
TTL-compatible inputs and outputs 
High-density 20-pin DIP, 26/20-pin SOu, 20-pin ZIP, 
or 24/20-pin TSOP plastic packaging 





20-Pin Plastic ZIP 


gooaoonoanwaoonocao 8B 
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Pin Configurations (cont) 


24/20-Pin Plastic TSOP (Normal Pinouts) 


Suffix -JJH in the package Identifier 
means normal pinout sequence. 


Suffix —JIKH In the package Identifier 
means reverse pinout sequence. 








Pin Identification 





Name Function 

Ao - Ag Address inputs 

VO, - 1/04 Data inputs and outputs 
CAS Column address strobe 
OE Output enable 

RAS Row address strobe 

WE Write enable 

GND Ground 

Vec +5-volt power supply 
NG No connection 





Absolute Maximum Ratings 


Voltage on any pin relative to GND ~-1.0 to +7.0V 
Operating temperature, Topa 0 to + 70°C 
Storage temperature, TgTg -55 to + 125°C 
Short-circuit output current, los 50 mA 
Power dissipation, Pp 1.0 W 





Exposure to Absolute Maximum Ratings for extended periods may 
affect device reliability; exceeding the ratings could cause perma- 
nent damage. The device should be operated within the limits 
specified under DC and AC Characteristics. 


Recommended Operating Conditions 


Parameter Symbol Min Typ Max Unit 
Input voltage, high Vin 2.4 Veo + 1.0 V 
Input voltage, low Vit -1.0 0.8 V 
Supply voltage Voc 45 5.0 5.5 V 
Ambient temperature Ta 0 70 °C 
Capacitance 
Ta = 25°C; f = 1 MHz 
Parameter Symbol Max Unit Pins Under Test 
Input capacitance CH 5 pF Address 

Cp 7  pF_ RAS, CAS, WE, OE 
Input/output capacitance Cio 7 pF VO 


N: KE C pPD424256 


Ordering Information 














RAS Access R/W Cycle Fast-Page Refresh Standby 
Part Number Time (max) Time (max) Cycle (max) Period Current (min) Package 
HPD424256C-60 60 ns 120 ns 40 ns 8 ms 1 mA 20-pin plastic DIP 
C-70 70 ns 130 ns 45 ns . 
C-80 80 ns 160 ns 50 ns 
C-10 100 ns 190 ns 60 ns 
uUPD424256C-60L 60 ns 120 ns 40 ns 64 ms 200 pA 
C-70L 70 ns 130 ns 45 ns 
C-80L 80 ns 160 ns 50 ns 
C-10L 100 ns 190 ns 60 ns 
uUPD424256LA-60 60 ns 120 ns 40 ns 8 ms 1mA 26/20-pin plastic SOU 
LA-70 70 ns 130 ns 45 ns 
LA-80 80 ns 160 ns 50 ns 
LA-10 100 ns 190 ns 60 ns 
UPD424256LA-60L 60 ns 120 ns 40 ns 64 ms 200 pA 
LA-70L 70 ns 130 ns 45 ns 
LA-80L 80 ns 160 ns 50 ns 
LA-10L 100 ns 190 ns 60 ns 
uUPD424256V-60 60 ns 120 ns 40 ns & ms 1mA 20-pin plastic ZIP 
V-70 70 ns 130 ns 45 ns 
V-80 80 ns 160 ns 50 ns 
V-10 100 ns 190 ns 60 ns 
UPD424256V-60L 60 ns 120 ns 40 ns 64 ms 200 yA 
V-70L 70 ns 130 ns 45 ns 
V-80L 80 ns 160 ns 50 ns 
V-10L. 100 ns 190 ns 60 ns 
HPD424256GX-60 60 ns 120 ns 40 ns 8 ms 1mA 24/20-pin plastic TSOP 
GX-70 70 ns 130 ns 45 ns (normal leade) 
GX-80 80 ns 160 ns 50 ns 
GX-10 100 ns 190 ns 60 ns 
UPD424256GX-60L 60 ns 120 ns 40 ns 64 ms 200 pA 
GX-70L 70 ns 130 ns 45 ns 
GX-80L 80 ns 160 ns 50 ns 
GX-10L 100 ns 190 ns 60 ns 
uPD424256GXM-60 60 ns 120 ns 40 ns 8 ms 1 mA 24/20-pin plastic TSOP 
GXM-70 Tt 70 ns 130 ns ABS = (reverse bent leads) 
GXM-80 80 ns 160 ns 50 ns 
GXM-10 100 ns 190 ns 60 ns 
UPD424256GXM-60L 60 ns 120 ns 40 ns 64 ms 200 pA 
GXM-70L 70 ns 130 ns 45 ns 
GXM-80L . 80 ns 160 ns 50 ns 
GXM-10L 100 ns 190 ns 60 ns 
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Block Diagram 


[eam 


Address Buffer - 





DC Characteristics 
Ta = Oto +70°C; Vog = +5.0 V £10% 














Parameter Symbol Min Typ Max Unit Test Conditions 
Standby current = =—s_ Iga . 20 —-mA RAS = CAS = Vin 
me ie OR 1.0 mA RAS = CAS = Voc -0.2V 
Input leakage current lu -10 10° HA. Vin = 0 to 5.5 V; all other pins not under test = 0V 
Output leakage current low -10 10 “UA Dout disabled; Voyt = 0 to 5.5 V 
Output voltage, low — Voi 0.4 “oN lol = 4.2mA © 





Output voltage, high Von” 2.4 Jv lon = -5 mA 


A 
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AC Characteristics 
Ta = 0 to +70°C; Vog = +5.0V 10% 


Parameter 


Operating current, 
average 


Operating current, 
RAS- only refresh 
cycle, average 
Operating current, 
fast-page cycle, 
average 
Operating current, 


CAS before RAS 
refresh cycle, average 


Access time from 
column address 


Access time from CAS 
precharge (rising 
edge) 

Column address hold 


time referenced to 
RAS 


Column address 
setup time 


Row address setup 
time 

Column address to 
WE delay time 

Access time from CAS 
(falling edge) 

Column address hold 
time 

CAS pulse width 


CAS hold time for 
CAS before RAS 
refresh cycle 


CAS precharge time, 
fast-page cycle 


CAS precharge time, 
nonpage cycle 

CAS to RAS 
precharge time 

CAS hold time 


CAS setup time for 
CAS before RAS 
refresh cycle 


CAS to WE delay 


Write command to 
CAS lead time 


Data-in hold time 


-60 
Symbol Min Max 
loe1 90 
loos 90 
loca 80 
locos 90 
taa 30 
tacp 35 
tar N/A 
tasc 0 
tasR 0 
tawp 50 
toac 20 
tcaH 15 
tcas 20 10,000 
tour 15 
top 10 
topn 10 
tcrp 10 
tcsH 60 
tcsR 10 
towp 40 
tow 15 
toy 15 


N/A 


55 


17 


20 


15 


10 


10 


10 


70 


10 


40 


15 


15 


Max 
80 


80 


70 


80 


35 


40 


20 


10,000 


15 


Min 


70 


20 


20 


15 


10 


10 


10 


80 
10 


81a 


20 


Max 
70 


70 


60 


70 


45 


45 


20 


20 


10,000 


20 


Min 


70 


80 


20 


25 


20 


10 


10 


10 


100 


10 


55 


20 


20 


Max 
60 


60 


50 


60 


50 


55 


20 


25 


10,000 


25 


Unit 
mA 


mA 


mA 


mA 


ns 


ns 


ns 


ns 


ns 


ns 


ns 


ns 


ns 


ns 


ns 


ns 


ns 


ns 


ns 


ns 


ns 


ns 
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Test Conditions 
RAS and CAS cyeling; 
tac = tao min; (Note 5) 


RAS cycling; CAS = 
Viti tae = tre min; 


(Note 5) 

RAS = Vins CAS 
cycling; tpg = tpo min; 
(Note 5) 


RAS cycling; CAS = 
Viti tao = tac min; 
(Note 5) 


(Notes 7, 10, 13} 


(Notes 7, 18) 


(Note 13) 
(Note 18) 


(Notes 7, 9, 10, 13) 


(Note 13) 


(Note 14) 


(Note 18) 


(Note 17) 
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AC Characteristics (cont) 











-60 -70 -80 -10 
Parameter Symbol Min Max Min Max Min Max Min Max Unit Test Conditions 
Data-in hold time tpHR N/A N/A 60 70 ns 
referenced to RAS 
Data-in setup time tos 0 0 0 0 ns (Note 17) 
Access time from OE — toga 20 20 20 25 ns 
OE data delay time toep 15 15 20 25 ns 
OE command hold toEH 0) 0 0 0 ns 
time 
GE to RAS inactive toes 9) 0 ) 0 ns 
setup time 
Output turnoff delay toEz 0 15 0 15 0 20 0 25 ns (Note 11) 
from OE 
Output buffer turnoff torr 0 15 0 15 0 20 fe) 25 ns (Note 11) 
delay 
Fast-page cycle time tec 40 45 50 60 ns (Note 6) 
Fast-page read-write tprawc 85 90 105 125 ns 
cycle time 
Access time from RAS trac 60 70 80 100 ns (Notes 7, 8) 
RAS to column trap 15 30 15 35 17 35 17 50 ns _—_ (Note 10) 
address delay time 
Row address hold tRAH 10 10 12 12 ns 
time 
Column address lead tRAL 30 35 45 50 ns 
time referenced to 
RAS (rising edge) 
RAS pulse width tras 60 10,000 70 10,000 80 10,000 100 10,000 ns 
RAS pulse width, fast- trasp 60 100,000 70 100,000 80 100,000 100 100,000 ns 
page cycle 
Random read or write tro 120 130 160 190 ns (Note 6) 
cycle time 
RAS to CAS delay trop 20 40 20 50 25 60 25 75 ns (Note 12) 
time 
Read command hold tRoH 0 0 0 0 ns (Note 15) 
time referenced to 
CAS 
Read command setup _—_tacs 0 0 0 0 ns 
time 
Refresh period tREF 8 8 8 8 ms Addresses Ag - Ag; 
64 ms for -L versions 
RAS precharge time trp 50 50 70 80 ns 
RAS precharge CAS tRec 10 10 10 10 ns 
hold time 
Read command hold tRRH 10 10 10 10 ns (Note 15) 
time referenced to 
RAS 
RAS hold time trasH 20 - 20 20 25 ns 
Read-write cycle time tawc 165 175 215 255 ns (Note 6) 
RAS to WE delay tawp 80 90 105 130 ns _ (Note 18) 


[o>] 
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AC Characteristics (cont) 
-60 -70 
Parameter Symbol Min Max Min Max 
Write command to taw 20 20 
RAS lead time 
Rise and fall tr 3 50 3 50 
transition time 
Write command hold twcH 15 15 
time 
Write command hold twor N/A N/A 
time referenced to 
RAS 
Write command setup twcs 0 0 
time 
Write command pulse — twp 15 15 


width 





Notes: 


(1) 
(2) 


(3) 
(4) 


(5) 


(6) 


(7) 
(8) 


(9) 
(10) 
(11) 


(12) 


All voltages are referenced to GND, 


An initial pause of 100 ps is required after power-up, followed by 
any eight RAS cycles, before proper device operation is 
achieved. 


Ac measurements assume ty = 5ns. 


Vin (min) and Vi_ (max) are reference levels for measuring the 
timing of input signals. Transition times are measured between 
Vin and Vj. 


loot, loca: loca, and locs depend on output loading and cycle 
rates. Specified values are obtained with the output‘open. Ioc3 
is measured assuming that all column address inputs are held at 
either a high level or a low level during RAS-only refresh cycles. 
loc4 is measured assuming that all column address inputs are 
switched only once during each fast-page cycle. 


The minimum specifications are used only to indicate the cycle 
time at which proper operation over the full temperature range 
(Ta= 0 to + 70°C) is assured. 


Load = 2 TTL (-1 mA, +4 mA) loads and 100 pF. 


Assumes that tacp = trop (max) and trap = trap (max). If 
trop Or trap is greater than the maximum recommended value 
in this table, taac increases by the amount that tacp or trap 
exceeds the value shown. 


Assumes that tacp = trop (max) and trap s trap (max). 
If trap 2 trap (max), then the access time is defined by taa. 


torr (max) and toez (max) define the time at which the outputs 
achieve the open-circuit condition and are not referenced to Voy 
or Voy. 


Operation with the tacp (max) limit assures that trac (max) can 
be met. tacp (max) is specified as a reference point only; if tacp 
is greater than tacp (max), access time is controlled exclusively 
by tcac. 


Min 


25 


15 


55 


15 


pPD424256 


-80 -10 

Max Min Max Unit Test Conditions 
30 ns 

50 3 50 ns (Note 4) 
20 ns 
70 ns 
0 ns (Note 18) 
20 ns (Note 16) 


(13) For fast-page read operation, the definition of access time is as 





follows: 

CAS and Column Address Access Time 
Input Conditions Definition 
top = tcp (max), tasc 2 top tacp 
top <= cp (max), tage S$ tcp tAA 

top = cp (max), tasc = tase (max) taaA 

top = cp (max), tasc = tasc (max) tcac 





(14) The torp requirement should be applicable for RAS/CAS cycles 


(15) 
(16) 


(17) 


(18) 


preceded by any cycle. 
Either tary or tacH must be satisfied for a read cycle. 


Parameter twp is applicable for a delayed write cycle such as a 
read-write/read-modify-write cycle. For early write cycles, both 
twos and twoH must be met. 


These parameters are referenced to the falling edge of CAS for 
early write cycles and to the falling edge of WE for delayed write 
or read-modify-write cycles. 


twos, trwo: tewp, and tawp are restrictive operating parame- 
ters in read-write/read-modify-write cycles only. If twos = twos 
(min), the cycle is an early write cycle and the data I/O pins will 
remain open-circuit throughout the entire cycle. If towp 2 tcwo 
(min), tawp 2 tawp (min), andtawp = tawp (min), then the cycle 
is a read-write cycle and the data I/O pins will contain data read 
from the selected cells. If neither of the above conditions is met, 
the condition of the data I/O pins (at access time and until CAS 
returns to Vj) is indeterminate. 


pPD424256 


Low Power Battery Backup (-L Versions Only) 


The uPD424256-L is capable of low power battery 
backup during times of reduced system power, when 
the input buffers and all nonessential internal circuits 
are turned off. For the input buffers to be turned off and 
the amount of leakage current flowing through them 
reduced, the uPD424256-L must be in standby and all 
control lines within 0.2V of either Voc or GND, as 
appropriate. When RAS and CAS are both within 0.2 V 
Of Voc, the internal circuits are inactive and power 
requirements reduced even further. Standby current 
can drop as low as 200 PA. 


Battery Backup Current 


NEC 


CAS before RAS refresh cycles are executed at a 
minimum rate to ensure that all 512 rows are refreshed 
only once every 64 ms, The time that RAS is low (tras) 
and the uPD424256-L active needs to be as short as 
possible, typically less than 300 ns, to minimize power 
usage during refresh operation. The following table 
shows the conditions under which the lowest average 
standby current can be obtained. 


Symbol Max Unit 


Standby Conditions 


RAS = CAS = Voc - 0.2 V; OE = Voc - 0.2 V; 


CAS Before RAS Refresh Cycle 
loce 200 UA tras = 300 ns 
loce , 300 HA tras 2 300 ns and < 1 ys 


WE = Addresses = Vog - 0.2 V or < 0.2V; /0 
= Voc - 0.2 V or < 0.2 V or high-Z 


N. E Cc uPD424256 


Timing Waveforms 


Read Cycle 
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Timing Waveforms (cont) 


Early Write Cycle 
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Timing Waveforms (cont) 


OE-Controlled Write Cycle 
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Timing Waveforms (cont) 


Read-Write/Read-Modify-Write Cycle . 


High Impedance 


Input/Output 
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Timing Waveforms (cont) 


Fast-Page Read Cycle 
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Timing Waveforms (cont) 


Fast-Page Early Write Cycle 
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Timing Waveforms (cont) 


Fast-Page Read-Write/Read-Modify-Write Cycle 
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Timing Waveforms (cont) 
Hidden Refresh Cycle 


Hidden Refresh Cycle —> 


High Impedance 


Input/Output 
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Timing Waveforms (cont) 


RAS-Only Refresh Cycle 
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Timing Waveforms (cont) 


CAS Before RAS Refresh Cycle 
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4M DRAMs (4M x 1 and 1M x 4) 


Section 5 


4M DRAMs (4M x 1 and 1M x 4) 
uPD Organization Features 


424100 4M x 1 
424100A  4Mx1 
424100L 4M x 1 
42S4100A  4Mx1 


4284100. 4Mx1 


424101 4M x 1 
424102 4M x 1 
424400 IMx4 
424400A 1Mx4 
424400L IMx4 
42S44G0A i1Mx4 


4284400. iMx4 


424402 1Mx4 
424410 1M x4 


424412. 1Mx4 


424440 1M x 4 
424440L 1Mx4 


4284440. 1IMx4 


42S4440L 1Mx4 


Fast-page 
Fast-page 
Fast-page; 3.3-volt 


Fast-page; self- 
refresh 


Fast-page; self- 
refresh; 3.3-volt 


Nibble 
Static-column 
Fast-page 
Fast-page 
Fast-page; 3.3-volt 


Fast-page; self- 
refresh 


Fast-page; self- 
refresh; 3.3-volt 


Static-column 
Fast-page; write- 
per-bit 
Static-column; 
write-per-bit 
Fast-page; 4 CAS 
Fast-page; 4 CAS; 
3.3-volt 
Fast-page; 4 CAS: 
self-refresh 


Fast-page; 4 CAS; 
self-refresh; 3.3-volt 


alesse 


5f 


5h 
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NEC Electronics Inc. 


Description 


The devices listed below are fast-page dynamic RAMs 
organized as 4,194,304 words by 1 bit and designed to 
operate from a single power supply. 


Optional features are power supply voltage (+5 V or 
+3.3 V) and a new refresh mode called “self-refresh.” 


UPD Options 
Second-generation products 
424100-xx +5V 
424100-xxL +5 V; low-power 


Third-generation products 
424100A-xx +5V 
42S4100A-xx +5 V; self-refresh, low-power 
424100L-Axx +3.3V 
42S4100L-Axx +3.3V; self-refresh, low-power 
-xx indicates speed grade (RAS access time). 


Advanced polycide technology minimizes silicon area 
and provides high storage cell capacity, high perfor- 
mance, and high reliability. A single-transistor dynamic 
storage cell and CMOS circuitry throughout ensure 
minimum power dissipation, while an on-chip circuit 
internally generates the negative-voltage substrate 
bias—automatically and transparently. 


The three-state output is controlled by CAS indepen- 
dent of RAS. After a valid read or read-modify-write 
cycle, data is held on the output by maintaining CAS 
low. The data output returns to high impedance when 
CAS goes high. Fast-page read and write cycles can be 
executed by cycling CAS. 


Refreshing may be accomplished by a CAS before RAS 
cycle that internally generates the refresh address. 
Refreshing may also be accomplished by RAS-only 
refresh cycles or by normal read or write cycles on the 
1024 address combinations of Ag - Ag during a 16-ms 
refresh period. 


The self-refresh mode is entered by holding RAS low for 
longer than 100 us during a CBR cycle. Detection of this 
long RAS time starts an internal oscillator that main- 
tains data integrity without external clocking. The slow 
refresh reduces the data hold current to less than 200 
microamperes. Self-refresh mode is used with micro- 
processors that have a “sleep mode” for low-power 
applications such as notebook PCs. 


60003-2 


uMPD424100, 424100A/L, 42S4100A/L 
4,194,304 x 1-Bit 
Dynamic CMOS RAM 


Features 


4,194,304 by 1-bit organization 

Single +5- or +3,3-volt power supply 
Fast-page option 

Self-refresh option (slow internal automatic refresh) 
Low power dissipation 

CAS before RAS refreshing 

Multiplexed address inputs 

On-chip substrate bias generator 
TTL-compatible inputs and outputs 
Nonlatched, three-state outputs 

Low input capacitance 

1024 refresh cycles every 16 ms 

26/20-pin SOJ, 20-pin ZIP, and 26/20-pin TSOP 
plastic packaging 


oonoagangon moan oa ao 


Pin Identification 


Name Function 

Ao - Aio Address inputs 

CAS Column address strobe 

Din Data input 

DouT Data output 

RAS Row address strobe 

WE Write enable 
GND Ground 

Voc +5-volt power supply 

NC No connection 
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Pin Configurations 
26/20-Pin Plastic SOJ 26/20-Pin Plastic TSOP (Normal Pinouts) 


424100, 424100A/L, 42S4100A/L 424100, 424100A/L, 42S4100A/L 


Suffix -9UD In the package Identifier 
denotes normal pinout sequence. 





20-Pin Plastic ZIP 


424100, 4241 00A/L, 42S4100A/L. 





Suffix—9KD In the package Identifier 
denotes reverse pinout sequence. 
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Ordering Information, »PD424100 (+ 5 V; standard version; 2nd generation product) 





RAS Access R/W Cycle Fast-Page . 
Part Number Time (max) Time (max) Cycle (max) Power Option Package 
uPD424100LA-60 60 ns 120 ns 40 ns Standard 26/20-pin plastic SOJ (300-mil) 
LA-70 70 ns 140 ns 45 ns 
LA-80 80 ns 160 ns 50 ns 
LA-10 100 ns 190 ns 60 ns 
uPD424100LA-60L 60 ns 120 ns 40 ns Low-power 
LA-70L 70 ns 140 ns 45 ns 
LA-80L 80 ns 160 ns 50 ns 
LA-10L 100 ns 190 ns 60 ns 
UPD424100V-60 60 ns 120 ns 40 ns Standard 20-pin plastic ZIP 
V-70 70 ns 140 ns 45 ns 
V-80 80 ns 160 ns 50 ns 
V-10 100 ns 190 ns 60 ns 
HPD424100V-60L 60 ns 120 ns 40 ns Low-power 
V-70L. 70 ns 140 ns 45 ns 
V-80L 80 ns 160 ns 50 ns 
V-10L 100 ns 190 ns 60 ns 
HPD424100GS-60 60 ns 120 ns 40 ns Standard 26/20-pin plastic TSOP (normal pinouts) 
GS-70 70 ns 140 ns 45 ns 
GS-80 80 ns 160 ns 50 ns 
uUPD424100GS-60L 60 ns 120 ns 40 ns Low-power 
GS-70L 70 ns 140 ns 45 ns 
GS-80L 80 ns 160 ns 50 ns 
uUPD424100GSM-60 60 ns 120 ns 40 ns Standard 26/20-pin plastic TSOP (reverse pinouts)) 
GSM-70 70 ns 140 ns 45 ns 
GSM-80 80 ns 160 ns 50 ns 
uPD424100GSM-60L 60 ns 120 ns 40 ns Low-power 
GSM-70L 70 ns 140 ns 45 ns 
GSN-80L 80 ns 160 ns 50 ns 
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Ordering Information, »PD424100A (+ 5 V; standard version; 3rd-generation product) 





RAS Access R/W Cycle Fast-Page mas 
Part Number Time (max) _ Time-(max) * Cycle (max) - Package: 
UPD424100ALA-50 50 ns 100 ns , 35 ns 26/20-pin plastic SOJ (300-mil) 
LA-60 60 ns 120 ns . 40 ns 
LA-70 70 ns 140 ns 45 ns 
LA-80 80 ns 160 ns 50 ns 
uPD424100AV-50 50 ns 100 ns 35 ns 20-pin plastic ZIP 
V-60 60 ns 120 ns 40 ns 
V-70 70 ns 140 ns 45 ns 
V-80 80 ns 160 ns 50 ns 
uPD424100AGS-50 50 ns * 100 ns 35ns. 26/20-pin plastic TSOP (normal pinouts) 
GS-60 60 ns 120 ns 40 ns 
GS-70 70 ris 140 ns 45 ns 
GS-80 80 ns 160 ns 50 ns 
MPD424100AGSM-50 50 ns 100 ns 35 ns 26/20-pin plastic TSOP (reverse pinouts) 
GSM-60 60 ns 120 ns 40 ns 
GSM-70 70 ns 140 ns 45 ns 


GSM-80 80 ns 160 ns 50 ns 





Ordering Information, »PD42S4100A (+ 5 \V; self-refresh, low-power version; 3rd-generation product) 
RAS Access R/W Cycle Fast-Page Self-Refresh 


_ Part Number Time (max) Time (max) Cycle (max) Current (max) Package 

uUPD42S4100ALA-50 50 ns 100 ns 35 ns 200 yA 26/20-pin plastic SOJ (300-mil) 
LA-60 60 ns 120 ns 40 ns 
LA-70 70 ns 140 ns 45 ns 
LA-80 80 ns 160 ns 50 ns 

MPD42S4100AV-50 50 ns 100 ns 35 ns 200 pA 20-pin plastic ZIP 
V-60 60 ns 120 ns 40 ns 
V-70 70 ns 140 ns 45 ns 
V-80 80 ns 160 ns 50 ns 

puPD4284100AGS-50 50 ns 100 ns 35 ns 200 yA 26/20-pin plastic TSOP (normal pinouts) 
GS-60 60 ns 120 ns 40 ns 
GS-70 70 ns 140 ns 45 ns 
GS-80 80 ns 160 ns 50 ns 

UPD42S4100AGSM-50 50 ns 100 ns 35 ns 200 pA 26/20-pin plastic TSOP (reverse pinouts) 
GSM-60 60 ns 120 ns 40 ns 
GSM-70 70 ns 140 ns 45 ns 
GSM-80 80 ns 160 ns 50 ns 





BS 
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Ordering Information, »PD424100L (+ 3.3 V; standard version; 3rd-generation product) 





RAS Access R/W Cycle Fast-Page 
Part Number Time (max) Time (max) Cycle (max) Package 
PPD424100LLA-A70 70 ns 140 ns 45 ns 26/20-pin plastic SOJ (300-mil) 
LA-A80 80 ns 160 ns 50 ns 
uPD424100LV-A70 70 ns 140 ns 45 ns 20-pin plastic ZIP 
V-A80 80 ns 160 ns 50 ns 
UPD424100LGS-A70 70 ns 140 ns 45 ns 26/20-pin plastic TSOP (normal pinouts) 
GS-A80 80 ns 160 ns 50 ns 
UPD424100LGSM-A70 70 ns 140 ns 45 ns 26/20-pin plastic TSOP (reverse pinouts) 
GSM-A80 80 ns 160 ns 50 ns 





Ordering Information, »PD42S4100L (+ 3.3 V; self-refresh, low-power version; 3rd-generation product) 
RAS Access R/W Cycle Fast-Page Self-Refresh 


Part Number Time (max) Time (max) Cycle (max) Current (max) Package 

UPD42S4100LLA-A70 70 ns 140 ns 45 ns 100 WA 26/20-pin plastic SOJ (300-mil) 
LA-A80 80 ns 160 ns 50 ns 

UPD42S4100LV-A70 70 ns 140 ns 45 ns 100 pA 20-pin plastic ZIP 
V-A80 80 ns 160 ns 50 ns 

UPD42S4100LGS-A70 70 ns 140 ns 45 ns 100 uA 26/20-pin plastic TSOP (normal pinouts) 

| GS-A80 80 ns 160 ns 50 ns 

UPD42S4100LGSM-A70 70 ns 140 ns 45 ns 100 WA 26/20-pin plastic TSOP (reverse pinouts) 

GSM-A80 80 ns 160 ns 50 ns 
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Block Diagram 


RAS Clock CAS Clock 

Generator Generator 
Poaceae WE Clock 
Generator 


CAS Before RAS 


Internal Refresh 
Clock 


Refresh Address Data VO Bus 
Counter 


Memory Array 


Row Decoder 
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Absolute Maximum Ratings Capacitance 


Voltage on any pin relative to GND TAS ee OIG nn 
5-volt devices -1.0 to +7.0V Parameter Symbol Max Unit Pins Under Test 
3.3-volt devices -0.5 to +4.6V ee Cea ER EE Oe aS i oe ipa Re ean oe 











a Input capacitance Cy 5 pF Addresses, Diy 
Operating temperature, Topa Oto +70°C Cp 7 pF RAS, CAS, WE 
Storage temperature, Tgtg —55 to +125°C Output Co 7 pF Daun 
Short-circuit output current, log capacitance 

5-volt devices 50 mA 

3.3-volt devices 20 mA 
Power dissipation, Pp 1.0W 
Exposure to Absolute Maximum Ratings for extended periods may 
affect device reliability; exceeding the ratings could cause perma- 
nent damage. The device should be operated within the limits 
specified under DC and AC Characteristics. 
DC Characteristics; 5-Volt Devices 
Recommended operating conditions unless otherwise noted. 

424100, 424100A 42S4100A 
Parameter Symbol Min Max Min Max Unit Test Conditions 
Standby current loce 2.0 2.0 mA RAS = CAS & Viy (min); lo = OMA 
1.0 02 mA RAS= CAS = Voo-0.2V; lo = OMA 

Input leakage current hay -10 10 -10 10 HA Vin = OV to Voc; all other pins not under test = 0V 
Output leakage current loa) -10 10 -10 10 HA Dour disabled; Voyt = OV to Voc 
Output voltage, low VoL 0.4 0.4 Vv lo. = 4.2mA 
Output voltage, high Vou 2.4 2.4 V low = ~-5 mA 





Self-refresh current loo7 Not applicable 200 YA Io = OmA; all input pins = Voc - 0.2 V or s 0.2 V or open; 
tras 2 100 jus; 1024 refresh cycles must be performed 
within 16 ms before entering self-refresh and after exiting 
self-refresh 





DC Characteristics; 3.3-Volt Devices 


Recommended operating conditions unless otherwise noted. 





424100L 42S4100L 
Parameter Symbol Min Max Min Max Unit Test Conditions 
Standby current lece 2.0 05 mA _ RAS = CAS = Viq (min); lp = OMA 

0.5 01 mA RAS = CAS = Voo-0.2V; Igo = OMA 

Input leakage current um) -5 5 -5 5 HA Vin = 0 V to Voc; all other pins not under test = OV 
Output leakage current lov) -5 5 -5 5 UA = Dot disabled; Voyt = 0 V to Voc 
Output voltage, low Vot 0.4 0.4 V lo. = 2mA 
Output voltage, high Vou 2.4 2.4 Vv lon = -2mA 
Self-refresh current loc7 Not applicable 100 YA Io = 0 mA; all input pins = Vecg - 0.2 V or < 0.2 V or open; 


tras 2 100 us; 1024 refresh cycles must be performed 
within 16 ms before entering self-refresh and after exiting 
self-refresh 
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Low-Power Battery Backup (Low-Power and Self-Refresh Versions Only) -. 
CAS Before RAS Refresh 


Symbol  424100-xx. 42S4100A 42S4100L Unit tras Cycle Standby Conditions 
locg (max) 500 300 _ 150 HA <1ps . 1024 refresh cycles (min) every RAS = CAS 2 Voc -02V; 
128 ms; Din. WE, Addresses = Voc - 
300 200 100 yA  < 200ns RAS = CAS = Voc - 0.2 V or 0.2 V or s 0.2 V; Dout open 


= 0.2 V, as appropriate; DoyT 
open; all other inputs = Voc - 
02Vors 02V 


Recommended Operating Conditions 








5-Volt Devices _ 3.3-Volt Devices. 
Parameter Symbol Min Typ. ”*éwMMax == Min Typ Max ' Unit 
input voltage, high Vin 2.4 Voc + 1.0 2.0 Veo +0.3 v 
input voltage, low ViL -1.0 0.8 -0.3 0.8 V 
Supply voltage Voc 45 5.0 5.5 3.0 3.3 . 3.6 eS INE 
Ambient temperature Ta 0 +70 0 $70 °C 





AC Characteristics 
Recommended operating conditions unless otherwise noted. 














-50 -60 -70 -80 

Parameter - Symbol Min. Max Min Max Min Max Min Max Unit Test Conditions 
Operating current, loc1 (+5 V) 100 120 100 90 mA RAS and CAS cycling; 
average anna tt = tS min; 

loot (+3.3 V) 70 60 mA io = O mA (Note 5) 
Operating current, RAS- loog (+5V) 100 120 100 90 mA RAS cycling; CAS = Viy; 
only refresh cycle, tac = taco min; 
average loos (+3.3 V) 70 60 mA Io = O mA (Note 5) 
Operating current, fast- loca (+5 V) 90 90 80 70 mA RAS s Vj; CAS cycling; 
page.cycle, average 0S SVOV3OvVWNM aT tpg = tp min; 

loog (+ 3.3 V) 60 50 mA Io = O mA (Note 5) 
Operating current, CAS locs (+5 V) 100 120 100 90 mA. RAS cycling;.CAS before 
before RAS refresh cycle, —— RAS tre = tre min; 
average loos (+3.3 V) 70 . 60 MA = io’= 0 mA (Note 5) 
Access time from column = tag 25 30 35 40 ns (Notes 3, 4, 7, 8, 11) 

. address , nae 
Access time from CAS tacp 30 , 35 40 45 ns (Notes 3, 4, 7, 11) 
precharge (rising edge) : 
Column address setup tasc 0 5 0 5 0 10 0 15 ns (Note 9) 
time 
Row address setup time tasr 0 0 0 0 ns . 
Column address to WE tawp 25° 30 35 40 ns _ (Note 16) 
delay time | 
Access time from CAS. tcac 15 15 20 20 ns (Notes 3, 4, 7, 8, 11) | 
(falling edge) , 
Column address hold tcoaH 15 15 15 15 ns 
time 

CAS pulse width tcoas 15 10000 15 10,000 20 10,000 20 10,000 ns 
CAS hold time for CAS tour 10 15 15 15 ns 


before RAS refresh cycle 





fos) 


NEC 





AC Characteristics (cont) 


Parameter 


CAS hold (CBR self- 
refresh) 


CAS to output in low 
impedance 


CAS precharge time, fast- 
page cycle 


CAS precharge time, 
nonpage cycle 


CAS to RAS precharge 
time 


CAS hold time 


CAS setup time for CAS 
before RAS refresh cycle 


CAS to WE delay 


Write command to CAS 
lead time 


Data-in hold time 
Data-in setup time 


Output buffer turnoff 
delay 


Fast-page cycle time 


Fast-page read-modify- 
write cycle time 


Access time from RAS 


RAS to column address 
delay time 


Row address hold time 


Column address lead 
time referenced to RAS 
(rising edge) 


RAS pulse width 


RAS pulse width, fast- 
page cycle 


RAS width (CBR self- 
refresh) 


Random read or write 
cycle time 


RAS to CAS delay time 


Symbol 


tcHs 


teiz 


top 


tcpn 


tcrp 


tosu 
tosr 


teowp 
tow. 


tou 
tos 
torF 


tec 
tprwe 


trac 
trap 


tRAH 
tRAL 
tras 
tRasp 
tRass 


tro 


trop 


Min 


-50 


35 


15 


10 


25 


50 


50 


100 


100 


-50 


10 


50 
30 


10,000 
125,000 


30 


40 


65 


15 


10 


60 


100 


120 


20 


15 


60 


10,000 
125,000 


40 


10 


10 


10 


70 
10 


20 
15 


15 


45 
70 


15 


70 
70 


100 


140 
130 


15 


15 


70 


10,000 
125,000 


10 


10 


10 


80 
10 


20 
15 


15 


80 
80 


100 


160 
150 
25 


-80 


Max 


20 


20 


80 
40 


10,000 
125,000 


60 


Unit 


ns 


ns 


ns 


ns 


ns 


ns 


ns 


ns 


ns 


ns 
ns 


ns 


ns 


ns 


ns 


ns 


ns 


ns 


ns 


ns 


Ls 


uUPD424100, 424100A/L, 42S4100A/L 


Test Conditions 


(Note 7) 


(Note 9) 


(Note 12) 


(Note 16) 


(Note 15) 
(Note 15) 
(Note 10) 


(Note 6) 
(Note 6) 


(Notes 3, 4, 7, 8) 
(Note 9) 


(Note 6) 
(Notes 6, 18) 
(Notes 8, 9) 
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AC Characteristics (cont) 


NEC 





Parameter Symbol Min) Max Min Max Min Max Min Max Unit Test Conditions 
Read command hold time = tacy 0 0 0 0 ns (Note 13) 
referenced to CAS 
Read command setup tros 0 0 0 0 ns 
time 
Refresh period treF 16 16 16 16 ms __ Addresses Ag - Ag 
(Note 19) 

RAS hold time from CAS — tauicp 30 35 40 45 ns 
precharge 
RAS precharge time trp 40 50 60 70 ns 

— —_ 50 60 ns _—_ (Note 18) 
RAS precharge CAS hold = tapc 10 10 10 10 ns 
time 
RAS precharge (CBR taps 90 110 130 150 ns 
self-refresh) 
Read command holdtime = trax 10 10 10 10 ns ___ (Note 13) 
referenced to RAS 
RAS hold time trsH 15 15 20 20 ns 
Read-write cycle time trwe 125 145 165 185 ns__— (Note 6) 

— _ 155 175 ns __ (Notes 6, 18) 
RAS to WE delay tawo 50 60 70 80 ns __ (Note 16) 
Write command to RAS ~— trwi 20 20 20 20 ns 
lead time 

- Rise and fall transition tr 3 50 3 50 3 50. 3 50 ns (Note 3) 

time 
Write command hold twoH 10 10 15 15 ns = (Note 14) 
time 
Write command setup twos 0 ce) 0 0 ns __ (Note 16) 
time 
WE hold time twHrR 15 15 15 15 ns 
Write command pulse twp 10 10 15 15 ns (Note 14) 
width 
WE setup time twsr 10 10 10 10 ns 
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AC Characteristics 


Notes: 


(1) 
(2) 


(3) 
(4) 


(5) 


(6) 


(8) 


(9) 


(10) 


Ali voltages are referenced to GND. 


An initial pause of 100 ps is required after power-up, followed by 
any eight RAS cycles, before proper device operation is 
achieved. At the end of the initial power-up sequence, it is 
recommended that either_a RAS-only or CAS before RAS refresh 
cycle be executed while WE = Vj, to ensure normal operation. 


Ac measurements assume ty = Sons. 


Vin (min) and Vy (max) are reference levels for measuring the 
timing of input signals. Transition times are measured between 
Vin and Vj,. 


loc1: loca: loca, and locos depend on output loading and cycle 
rates. Specified values are obtained with the output open. Iocg 
is measured assuming that all column address inputs are held at 
either a high level or a low level during RAS-only refresh cycles. 
loca is measured assuming that all column address inputs are 
switched only once during each fast-page cycle. 


The minimum specifications are used only to indicate the cycle 
time at which proper operation over the full temperature range 
(Ta = 0 to +70°C) is assured. 


Load = 2 TTL (¢-1 mA, +4 mA) loads and 100 pF. 


For random read cycles, access time is defined as follows. 


Input Conditions Access Time 


trap < trap (max), taop= tren (max) trac 
trap = trap (max), tasc = tasc (max) taa 
trap 2 trap (max), tasc = tasc (max) toac 


trop (max), trap (max), tagc (max), and tep (max) are specified 
as reference points only; they are not restrictive operating 
parameters. They are used to determine which access time 
(trac: taa: tcac: OF tacp) is to be used for determing when output 
data will be available. 


torr (max) and toez (max) define the time at which the outputs 
become open-circuit and are not referenced to Voy or Vo_. 


(11) 


(12) 


(13) 
(14) 


(15) 


(16) 


For fast-page read operation, access time is defined follows. 


CAS and Column Address Access 
Input Conditions Time 
top S top (max), tasc2 top tacp 
top S tcp (max), tasc = top taa 
top 2 tcp (max), tasc <tasc (max) tAA 
top = top (max), tasc 2 tasc (max) toac 


The topp requirement should be applicable for RAS/CAS cycles 
preceded by any cycle. 


Either tany or tao must be satisfied for a read cycle. 


Parameter twp is applicable for a delayed write cycle such as a 
read-write/read-modify-write cycle. For early write cycles, both 
twos and twoH must be met. 


These parameters are referenced to the falling edge of CAS for 
early write cycles and to the falling edge of WE for delayed write 
or read-modify-write cycles. 


twes: tawp: tewp, and tawp are restrictivé operating parame- 
ters in read-write/read-modify-write cycles only. Iftwos = twos 
(min), the cycle is an early write cycle and the data output will 
remain open-circuit throughout the entire cycle. If tewp = towp 
(min), tawp = tawop (min), andtawp = tawp (min), then the cycle 
is a read-write cycle and the data output will contain data read 
from the selected cell. If neither of the above conditions is met, 
the condition of the data output (at access time and until CAS 
returns to Vj) is indeterminate. 


(17) A test mode may be initiated by executing a CAS before RAS 


(18) 
(19) 


refresh cycle with WE held at Vj. This mode also may inadvert- 
ently be initiated during power-up because external control of 
the signal lines is very difficult during this period. itis therefore 
recommended that while WE is held at Vip, either a RAS-only or 
CAS before RAS refresh cycle should be executed at any time 
after the end of the initial power-up sequence to ensure normal 
device operation. 


Applies to uPD424100L and uPD42S4100L. 


1024 refresh cycles must be performed within 16 ms before 
entering self-refresh and after exiting self-refresh. 
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Timing Waveforms 


Read Cycle 
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Timing Waveforms (cont) 


Early Write Cycle 
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Timing Waveforms (cont) 


Late Write Cycle 
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Timing Waveforms (cont) 


Read-Write/Read-Modify-Write Cycle 
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Timing Waveforms (cont) 


Fast-Page Read Cycle 
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Timing Waveforms (cont) 


Fast-Page Early Write Cycle 
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Timing Waveforms (cont) 


Fast-Page Read-Write/Read-Modify-Write Cycle 
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Timing Waveforms (cont) 


Hidden Refresh Cycle 


Memory Cycle CAS Before RAS Cycle CAS Before RAS Cycle 
trac 
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Timing Waveforms (cont) 


RAS-Only Retresh Cycle 





Note: 
[1] Address = don't care. 
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Timing Waveforms (cont) 


CBR Selt-Refresh Cycle 


IIMA 


High Impedance 
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NEC 


NEC Electronics Inc. 


Description 


The uPD424101 is a nibble-mode dynamic RAM orga- 
nized as 4,194,304 words by 1 bit and designed to 
operate from a single +5-volt power supply. Advanced 
polycide technology using trench capacitors mini- 
mizes silicon area and provides high storage cell ca- 
pacity, high performance, and high reliability. A single- 
transistor dynamic storage cell and advanced CMOS 
Circuitry throughout ensure minimum power dissipa- 
tion, while an on-chip circuit internally generates the 
negative-voltage substrate bias—automatically and 
transparently. 


The three-state output is controlled by CAS indepen- 
dent of RAS. After a valid read or read-modify-write 
cycle, data is held on the output by holding CAS low. 
The data output is returned to high impedance by 
returning CAS high. Nibble-mode read and write cycles 
can be executed by cycling CAS. 


Refreshing may be accomplished by a CAS before RAS 
cycle that internally generates the refresh_address. 
Refreshing can also be accomplished by RAS-only 
refresh cycles or by normal read or write cycles on the 
1024 address combinations of Ag - Ag during a 16-ms 
refresh period. 


Features 


4,194,304-word by 1-bit organization 
Single +5-volt power supply 
Nibble-mode option 

Low power dissipation 

CAS before RAS refresh cycles 
Multiplexed address inputs 

On-chip substrate bias generator 
Nonlatched, three-state outputs 
Low input capacitance 
TTL-compatible inputs and outputs 
1024 refresh cycles every 16 ms 
26/20-pin SOuJ, 20-pin ZIP, or 26/20-pin TSOP 
plastic packaging 


Oooo ngo nao a aoon 


60095-1 





pPD424101 
4,194,304 x 1-Bit 
Dynamic CMOS RAM 


Pin Identification 


Name Function 

Ag - A10 Address inputs 

CAS Chip select 

Din Data input 

DouT Data output 

RAS Row address strobe 
WE Write enable 

GND Ground 

Vee +5-volt power supply 
NC No connection 


Pin Configurations 


26/20-Pin Plastic SOJ 


uPD424101 


20-Pin Plastic ZIP 
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Pin Configurations (cont) 





26/20-Pin Plastic TSOP (Normal Pinouts) 26/20-Pin Plastic TSOP (Reverse Pinouts) 


peoeest ; i wPD424101 


25 
24 
: 23 
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Suffix -9JD In the package Identifier 


denotes normal pinout sequence. Suffix -9KD In the package Identifier 


denotes reverse pinout sequence. 





Block Diagram 


Gj 
a 
8 
‘2 
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Row Decoder 
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Ordering Information 


_ RAS Access 

Part Number Time 
pPD424101LA-60 60 ns 
LA-70 70 ns 
LA-80 80 ns 
LA-10 100 ns 
uPD424101LA-60L 60 ns 
LA-70L 70 ns 
LA-80L. 80 ns 
LA-10L 100 ns 
uUPD424101V-60 , 60 ns 
V-70 70 ns 
V-80 80 ns 
V-10 100 ns 
uMPD424101V-60L 60 ns 
V-70L 70 ns 
V-80L 80 ns 
V-10L 100 ns 

uUPD424101 GS-60 60 ns | 
GS-70 70 ns 
GS-80 80 ns 

‘GS-10 100 ns» 
UPD424101GS-60L 60 ns 
GS-70L 70 ns 
GS-80L 80 ns 
GS-10L 100 ns 
HPD424101 GSM-60 60 ns 
GSM-70 70 ns 
GSM-80 80 ns 
GSM-10 100 ns 
uPD424101GSM-60L 60 ns 
GSM-70L 70 ns 
GSM-80L 80 ns 


GSM-10L 100 ns 





R/W Cycle 
Time 


120 ns 
140 ns 
160 ns 
190 ns 
120 ns 
140 ns 
160 ns 
190 ns 
120 ns 
140 ns 
160 ns 
190 ns 
120 ns 
140 ns 
160 ns 
190 ns 
120 ns 
140 ns 
160 ns 
190 ns 
120 ns 
140 ns 
160 ns 
190 ns 
120 ns 
140 ns 
160 ns 
190 ns 
120 ns 
140 ns 
160 ns 
190 ns 


Nibble 
Cycle Time 


40 ns 
40 ns 
40 ns 
45 ns 
40 ns 
40 ns 
40 ns 
45 ns 
40 ns 
40 ns 
40 ns 
45 ns 
40 ns 
40 ns 
40 ns 
45 ns 
40 ns 
40 ns 
40 ns 
45 ns 
40 ns 
40.ns 
40 ns 
45 ns 
40 ns 
40 ns 
40 ns 
45 ns 
40 ns 
40 ns 
40 ns 
45 ns 


Refresh 
Period 


16 ms 


128 ms 


16 ms 


128 ms 


16 ms 


128 ms 


16 ms 


128 ms 


Standby 
Current 


1mA 


300 yA 


1mA 


300 pA 


1mA 


300 pA 


1mA 


300 yA 


pPD424101 


Package 


26/20-pin plastic SOJ (300-mil) 


20-pin plastic ZIP 


26/20-pin plastic TSOP (normal 


pinouts) 


26/20-pin plastic TSOP (reverse 


pinouts) 


pPD424101 


Absolute Maximum Ratings 


NEC 


Recommended Operating Conditions 











Voltage on any pin relative to GND -1.0 to +7.0V Parameter Symbol Min Typ Max Unit 
Operating temperature, Topr 0 to + 70°C Input voltage, high Vin 2.4 Voc + 1.0 Vv 
Storage temperature, Tgtg —55 to + 125°C Input voltage, low Vit -1.0 0.8 V 
Short-circuit output current, los 50 mA Supply voltage Voc 4.5 5.0 5.5 V 
Power dissipation, Pp 1.0W Ambient temperature Ty 0 70 °C 
sect device reliability; exceeding the ratinge could cause perma. Capacitance 
nent damage. The device should be operated within the limits he ee 
specified under DC and AC Characteristics. Parameter Symbol Max Unit Pins Under Test 
Input capacitance Cy 5 pF Address, Din 
Cp 7 pF _—_—RAS, CAS, WE 
Output capacitance Co 7 pF DouT 
DC Characteristics 
Ta = 0 to + 70°C; Voog = +5.0V 410% 
Parameter Symbol Min Max Unit Test Conditions 
Standby current loce 2.0 mA RAS = CAS = Vjy (min) 
1.0 mA RAS = CAS = Voc -0.2V 
Input leakage current hq -10 10 UA Vin = 0V to Veg; all other pins not under test = 0 V 
Output leakage current low -10 10 uA Dout disabled; Voyt = OV toVoco 
Output voltage, low VoL 0.4 Vv lo. = 42 mA 
Output voltage, high Vou 2.4 Vv lon = ~5 mA 
Low-Power Battery Backup (-L Versions Only) 
Symbol Max Unit tras CAS Before RAS Refresh Cycle Standby Conditions 
loce 500 yA < 1yps 1024 refresh cycles (min) every 128 ms; RAS = RAS = CAS = Voc - 0.2 V; 
CAS 2 Voc -0.2V or < 0.2V, as appropriate; Din, WE, Addresses 2 Voc - 

300 HA S 200 ps oouT open; all other inputs = Vog—-0.2V ors 0.2 V or < 0.2 V; Dour open 

treF 128 ms 


NE C pPD424101 


AC Characteristics 
Ta = 0 to +70°C; Veg = +5.0V +10% 


»PD424101-60 »PD424101-70 pPD424101-80 #PD424101-10 











Parameter Symbol Min Max Min Max Min Max Min Max Unit Test Conditions 

Operating current, oc 120 100 90 80 mA __ RAS and CAS cycling; 

average tac = trac min; lo = 
0 mA (Note 5) 

Operating current, loos 120 100 90 80 mA RAS cycling; CAS = 

RAS-only refresh Vini 

cycle, average trac = tac min; ip = 
O mA (Note 5) 

Operating current, Ioc4 80 80 70 60 mA RAS s Vy; CAS 

nibble mode, cycling; 

average tne = tne min; lo = 
O mA (Note 5) 

Operating current, locos 120 100 90 80 mA _ RAS cycling; CAS 

CAS before RAS before RAS; tac = 

refresh cycle, tro min; lop = OmA 

average (Note 5) 

Access time from taa 30 35 40 50 ns _ (Notes 7, 9) 

column address 

Column address tase 0 0 i¢) 0 ns 

setup time 

Row address setup — tasp 0 0 0 0 ns 

time 

Column address to tawp 30 35 40 50 ns _ (Note 16) 

WE delay time 

Access time from toac 20 20 20 25 ns __ (Notes 7, 9) 

CAS (falling edge) 

Column address toan 15 15 15 20 ns 

hold time 

CAS pulse width tcoas 20 10,000 20 10,000 20 10,000 25 10,000 ns 

CAS holdtime for tour 15 15 15 20 ns 


CAS before RAS 
refresh cycle 


CAS precharge topn 10 10 10 10 ns 

time, non-nibble 

cycle 

CAS to RAS torp 10 10 10 10 ns _—_ (Note 12) 
precharge time 

CAS hold time tosy 60 70 80 100 ns 

CAS setup time for tcosp 10 10 10 10 ns 


CAS before RAS 
refresh cycle 








CAS to WE delay — towp 20 20 20 25 ns (Note 16) 
Write command to = tow 1 15 15 20 ns 

CAS lead time 

Data-in hold time ton 15 15 15 20 ns _—_ (Note 15) 
Data-in setup time tos 0 0 0 0 ns _—_ (Note 15) 
Nibble mode tnac 20 20 20 25 ns 

access time 





on 
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AC Characteristics (cont) 
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Parameter Symbol Min Max Min Max Min Max Min Max Unit Test Conditions 
CAS pulse width in tyas 20 20 20 25 ns 

nibble mode 

Nibble mode cycle tne 40 40 40 45 ns 

time 

CAS to WE delay tnowp 20 20 20 25 ns 

in nibble mode 

Write command to — tow 15 15 20 25 ns 

CAS lead time in 

nibble mode 

CAS precharge tue 10 10 10 10 ns 

time in nibble 

mode 

RAS hold time for tNRRSH 20 20 20 25 ns 

nibble read cycle 

RAS holdtime for tywrsH 20 20 20 25 ns 

nibble write cycle 

Output buffer torr 0 15 0 15 0 20 0 25 ns (Note 10) 
turnoff delay 

Access time from trac 60 70 80 100 ns _—_—_ (Notes 7, 8) 
RAS 

RAS to column tRaD 15 30 15 35 17 40 17 50 ns _—_ (Note 9) 
address delay time 

Row address hold ~—s tray 10 10 12 12 ns 

time 

Column address tRaAL 30 35 40. 50 ns 

lead time 


referenced to RAS 
(rising edge) 


RAS pulse width — tras 60 10000 70 10,000 80 10,000 100 10,000 ns 


RAS pulse width in — trasp 60 125,000 70 125,000 80 125,000 100 125,000 ns 
nibble mode 











Random read or tre 120 140 160 190 ns _— (Note 6) 
write cycle time 

RAS to CAS delay — taco 20 40 20 50 25 60 25 75 ns _ (Note 11) 
time 

Read command tRon 0 fe) 0 0 ns __. (Note 13) 
hold time 

referenced to CAS 

Read command trcs ie) 0 ie) 0 ns 

setup time 

Refresh period tREF 16 16 16 16 ms Addresses Ag - Ag 
RAS precharge tap 50 60 70 80 ns 

time’ 

RAS precharge treo 10 10 3 10 10 ns 

CAS hold time 

Read command taRH 10 10 10 10 ns _—_ (Note 13) 
hold time 

referenced to RAS 

RAS hold time trsy 20 20 20 25 ns 
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AC Characteristics (cont) 
p»PD424101-60  muPD424101-70 mPD424101-80 pPD424101-10 














Parameter Symbol Min Max Min Max Min Max Min Max Unit Test Conditions 
Read-write cycle tawe 145 165 185 220 ns _—_ (Note 6) 
time 
RAS to WE delay tRWD 60 70 80 100 ns (Note 16) 
Write commandto — tawr 20 20 20 25 ns 
RAS lead time 
Rise and fall tr 3 50 3 50 3 50 3 50 ns__—__ (Note 3) 
transition time 
Write command twou 15 15 1 20 ns 
hold time 
Write command twos 0 0 0 0 ns (Note 16) 
setup time ; 
WE hold time twur 15 15 15 20 ns 
Write command twp 15 15 15 20 ns _—_ (Note 14) 
pulse width 
WE setup time twsR 10 10 ~ 10 10 ns 
Notes: 
(1) All voltages are-referenced to GND. (11) Operation within the tacp (max) limit assures that trac (max) 


can be met. trop (max) is specified as a reference point only; if 
trop is greater than tacp (max), then access time is controlled 
exclusively by tcac. 


(2) An initial pause of 100 ys is required after power-up, followed by 
any eight RAS cycles, before proper device operation is 
achieved. At the end of the initial power-up sequence, it is ete 
recommended that either a RAS-only refresh or a CAS before (12) The torp requirement should be applicable for RAS/CAS cycles 
RAS refresh cycle be executed while WE = Vj, to ensure normal _ preceded by any cycle. 


operation: (13) Either tary or tacy must be satisfied for a read cycle. 


(3) Ac measurements assume ty = 5s. (14) Parameter twp is applicable for a delayed write cycle such asa 





(4) Vir (min) and Vi, (max) are reference levels for measuring the read-write/read-modify-write cycle. For early write operation, 

timing of input signals. Transition times are measured between both twos and twop must be met. 

Vin and Vi. (15) These parameters are referenced to the falling edge of CAS for 
) loc loos: loo4, and Iecs depend on output loading and cycle early write cycles and to the falling edge of WE for delayed write 

rates. Specified values are obtained with the output open. Ioc3 or read-modify-write cycles. 


is measured assuming that all column address inputs are held at (16) 
either a high level or a low level during RAS-only refresh cycles. 

loc4 is measured assuming that all column address inputs are 
switched only once during each nibble cycle. 


twos, tawo; tcwp, and tawp are restrictive operating parame- 
ters in read-write/read-modify-write cycles only. Iftwos = twos 
(min), the cycle is an early write cycle and the data output will 
remain open-circuit throughout the entire cycle. Iftcwp 2 tewp 


(6) The minimum specifications are used only to indicate the cycle (min), tawp = tawp (min), and tawp = tawp (min), the cycle is 
time at which proper operation over the full temperature range a read-write cycle and the data output will contain data read 
(Ta = O to + 70°C) is assured. from the selected cell. If neither of the above conditions is met, 
(7) Load = 2 TTL (-1 mA, +4mA) loads and 100 pF. the condition of the data output pin (at access time and until 


CAS returns to Vj+)) is indeterminate. 
(8) Assumes that tacp <= tacp (max) and trap = trap (max). If 


trop or trap is greater than the maximum recommended value (17) 
in this table, taac increases by the amount that trop or trap 
exceeds the value shown. 


A test mode may be initiated by executing a CAS before RAS 
refresh cycle with WE held at Vi. This mode also may inadvert- 
ently be initiated during power-up because external control of 
the signal lines is very difficult during this period. Its therefore 


(9) !fthap 2 trap (max), then the access time is defined by taa. recommended that while WE is held at Vip, either a RAS-only or 
(10) torr (max) defines the time at which the output achieves the CAS before RAS refresh cycle should be executed at any time 
open-circuit condition an is not referenced to Voy or Voy. after the end of the initial power-up sequence to ensure normal 


device operation. 
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Timing Waveforms 


Read Cycle 
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Timing Waveforms (cont) 


Early Write Cycle 
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Timing Waveforms (cont) 


Late Write Cycle 
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Timing Waveforms (cont) 


Read-Write/Read-Modify-Write Cycle 
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Timing Waveforms (cont) 


Nibble Read Cycle 
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Timing Waveforms (cont) 


Nibble Early Write Cycle 
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Timing Waveforms (cont) 


Nibble Read-Write/Read-Modify-Write Cycle 
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Timing Waveforms (cont) 


Hidden Refresh Cycle 


Memory Cycle 
tac 
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Timing Waveforms (cont) 


RAS-Only Refresh Cycle 


High impedance 
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NEC Electronics Inc. 


Description 


The uPD424102 is a static-column dynamic RAM orga- 
nized as 4,194,304 words by 1 bit and designed to 
operate from a single +5-volt power supply. Advanced 
polycide technology using trench capacitors mini- 
mizes silicon area and provides high storage cell ca- 
pacity, high performance, and high reliability. A single- 
transistor dynamic storage cell and advanced CMOS 
circuitry throughout ensure minimum power dissipa- 
tion, while an on-chip circuit internally generates the 
negative-voltage substrate bias—automatically and 
transparently. 


The three-state output is controlled by CS independent 
of RAS. After a valid read or read-modify-write cycle, 
data is held on the output by holding CS low. The data 
output is returned to high impedance by returning CS 
high. Static-column read and write cycles can be exe- 
cuted by cycling CS. 


Refreshing may be accomplished by means of a CS 
before RAS cycle that internally generates the refresh 
address. Refreshing can also be accomplished by 
means of RAS-only refresh cycles or by normal read or 
write cycles on the 1024 address combinations of Ag - 
Ag during a 16-ms refresh period. 


Features 


4,194,304-word by 1-bit organization 
Single +5-volt power supply 
Static-column option 

Low power dissipation 

CS before RAS refresh cycles 
Multiplexed address inputs 

On-chip substrate bias generator 
Nonlatched, three-state outputs 
Low input capacitance 
TTL-compatible inputs and outputs 
1024 refresh cycles every 16 ms 
26/20-pin SOu, 20-pin ZIP, or 26/20-pin TSOP 
plastic packaging 


fe eS ee 0 


60091-1 





pPD424102 
4,194,304 x 1-Bit 
Dynamic CMOS RAM 


Pin Identification 


Name ' Function 

Ag - A1o Address inputs 

cs Chip select 

Din Data input 

DouT Data output 

RAS Row address strobe 
WE Write enable 

GND Ground 

Voc +5-volt power supply 
NC No connection 


Pin Configurations 


26/20-Pin Plastic SOJ 


pPD424102 
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Pin Configurations (cont) a5 | 
26/20-Pin Plastic TSOP (Normal Pinouts) a 26/20-Pin Plastic TSOP (Reverse Pinouts) 








pPD424102 


Suffix —8JD In the package Identifier 
denotes normal pinout sequence. 


Suffix -9KD In the package identifier 
denotes reverse pinout sequence. 
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Ordering Information 











ne , Static- 
RAS Access R/W Cycle Column Refresh Standby 
Part Number Time Time Cycle Time Period Current Package 
UPD424102LA-60 60 ns 120 ns 35 ns 16 ms 1 mA 26/20-pin plastic SOJ (300-mil) 
LA-70 70 ns 140 ns 40 ns 
LA-80 80 ns 160 ns 50 ns 
LA-10 100 ns 190 ns 60 ns 
uPD424102LA-60L 60 ns 120 ns 35 ns 128 ms 300 LA 
LA-70L 70 ns 140 ns 40 ns 
LA-80L — 80'ns 160 ns 50 ns 
LA-10L 100 ns 190 ns 60 ns 
uPD424102V-60 60 ns 120 ns 35 ns 16 ms 1mA 20-pin plastic ZIP 
V-70 70 ns 140 ns 40 ns 
V-80 80 ns 160 ns 50 ns 
V-10 100 ns 190 ns 60 ns 
HPD424102V-60L. 60 ns 120 ns 35 ns 128 ms 300 pA 
V-70L 70 ns 140 ns 40 ns 
'V-80L 80 ns 160 ns 50 ns 
V-10L 100 ns 190 ns 60 ns 
UPD424102GS-60 60 ns 120 ns 35 ns 16 ms 1 mA 26/20-pin plastic TSOP (normal 
| GS-70 70 ns 140 ns 40 ns pinouts) 
GS-80 80 ns 160 ns 50 ns 
GS-10 100 ns 190 ns 60 ns 
uPD424102GS-60L 60 ns 120 ns 35 ns 128 ms 300 pA 
GS-70L 70 ns 140 ns 40 ns 
GS-80L 80 ns 160 ns 50 ns 
GS-10L 100 ns 190 ns 60 ns 
uUPD424102GSM-60 60 ns 120 ns 35 ns 16 ms 1mA 26/20-pin plastic TSOP (reverse 
GSM-70 70 ns 140 ns 40 ns pinouts) 
GSM-80 80 ns 160 ns 50 ns 
GSM-10 100 ns 190 ns 60 ns 
UPD424102GSM-60L 60 ns 120 ns 35 ns 128 ms 300 WA 
GSM-70L 70 ns 140. ns 40 ns 
GSM-80L 80 ns 160 ns 50 ns 
GSM-10L ~ 100 ns 190 ns 60 ns 
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Absolute Maximum Ratings Recommended Operating Conditions 

Voltage on any pin relative to GND -1.0 to +7.0V Parameter Symbol Min Typ Max Unit 
Operating temperature, Topr 0 to +70°C Input voltage, high Ving 2.4 Voco + 1.0 V 
Storage temperature, Tstg -55 to + 125°C Input voltage, low Vir -1.0 0.8 V 
Short-circuit output current, log 50 mA Supply voltage Voc 4.5 5.0 5.5 Vv 
Power dissipation, Pp 1.0 W Ambient temperature Ta 0 70 °C 





Exposure to Absolute Maximum Ratings for extended periods may 
affect device reliability; exceeding the ratings could cause perma- 
nent damage. The device should be operated within the limits 


Capacitance 
Ta = 25°C; f = 1 MHz 


specified under DC and AC Characteristics. Parameter Symbol Max Unit Pins Under Test 
Input capacitance Cy 5 pF Address, Din 
Cp 7 pF. RAS, CS, WE 
Output capacitance Co 7 pF Dout 


Low-Power Battery Backup (-L Versions Only) 








Symbol Max Unit tras CS Before RAS Refresh Cycle Standby Conditions 
loce 500 yA Ss ips 1024 refresh cycles (min) every 128 ms; RAS = CS RAS = CS = Voc - 0.2 V; Din, 
OS Voc -02V or s 0.2 V, as appropriate; Doyt WE, Addresses = Voc -0.2V 
300 HA = 200 ps open; all other inputs = Veg -0.2V or s 0.2V or = 0.2 V; Doyt open 
tREF 128 ms 





DC Characteristics 
Ta = Oto +70°C; Veg = +5.0 V +10% 


Parameter Symbol Min Max Unit Test Conditions 








Standby current loce 2.0 mA RAS = CS = Viq (min) 
1.0 mA RAS = CS = Vog-0.2V 
Input leakage current i) -10 10 HA Vin = 0 V to Voc; all other pins not under test = 0V 
Output leakage current low) ~10 10 uA Dout disabled; Vout = 0V to Voc 
Output voltage, low VoL 0.4 Vv lo. = 4.2.mA 
Output voltage, high Vou 2.4 Vv lon = -5 mA 


AC Characteristics 
Ta = Oto +70°C; Vog = +5.0 V 10% 


pPD424102-60 pPD424102-70 pPD424102-80 sPD424102-10 








Parameter Symbol Min Max Min Max Min Max Min Max Unit Test Conditions 

Operating current, loci 90 80 90 80 mA _ RAS and CS cycling; 

average tac = trac min; lo = 
0 mA (Note 5) 

Operating current, locos 90 80 90 80 mA RAS cycling; CS = 

RAS- only refresh Vin 

cycle, average tac = tro min; lo = 
0 mA (Note 5) 

Static column loca 70 60 70 60 mA RAS < Vy; CS 

operating current, cycling; 

average tpc = tpco min; lo = 


O mA (Note 5) 
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AC Characteristics (cont) 


Parameter 


Operating current, 
CS before RAS 
refresh cycle, 
average 


Access time from 
column address 


Column address 
hold time 
referenced to RAS 
(rising edge) 


Column address 
setup time 

Row address setup 
time 

Column address to 
WE delay time 
Access time from 
CS (falling edge) 
Column address 
hold time 


CS hold time for 
CS before RAS 
refresh cycle 


CS precharge time, 
static-column 


CS precharge time, 
nonpage cycle 


CS to RAS 
precharge time 


CS pulse width 
CS hold time 


CS setup time for 
CS before RAS 
refresh cycle 


CS to WE delay 


Write command to 
CS lead time 


Data-in hold time 
Data-in setup time 


Output buffer 
turnoff delay 


Output hold time 
from address 


Output enable 
time from WE 
(rising edge) 


Access time: from 
previous WE 


#PD424102-60 


Symbol Min Max 
loos 90 
taa 30 
tay 15 

tasc 0 

tasR 0 

tawD 30 

toac 20 
tcaH 15 

tcHr 15 

top 10 

topn 10 

torp 10 

tes 20 100,000 
tcosH 60 

tosr 10 

tcowo 20 

tow. 15 

tox 15 

tps 0 

torr 0 15 
tou 5 

tow 25 
tPWA 60 


15 


10 


pPD424102-70 


100,000 


20 


uPD424102-80 


100,000 


25 


p#PD424102-10 


100,000 


110 


Unit 
mA 


ns 


ns 


Ss 


s 


Test Conditions 


RAS cycling; CS 
before RAS; taco = 
tro min; lo = OmA 
(Note 5) 


(Notes 7, 9) 


(Note 15) 


(Notes 7, 8, 9) 


(Note 11) 


(Note 15) 


(Note 14) 
(Note 14) 
(Note 10) 


(Note 7, 17) 
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AC Characteristics (cont) 


BPD424102-60 =PD424102-70 = »PD424102-80 


pPD424102-10 














Parameter‘ Symbol Min Max Min Max Min Max ‘Min Max Unit Test Conditions 
Column address tpwH 60 70 90 110 ns 

hold time 

referenced to 

previous WE 

Access time from trac 60 70 80 100 ns__- (Notes 7, 8) 
RAS ; 
RAS to column trap 15 30 15 35 17 40 17 50 ns (Note 9) 
address delay time 

Row address hold tRAH 10 10 12 12 ns 

time 

Column address tRAL 30 35 40 50 ns 

lead time 

referenced to RAS 

(rising edge) 

RAS pulse width tras 60 10,000 70 10,000 80 10000 100 10,000 ns 
Static-column RAS —_ trasc 60 100,000 70 100,000 80 100,000 100 100,000 ons 

pulse width 

Random read or tro 120 140 160 190 ns (Note 6) 
write cycle time 

RAS to CS delay trop 20 40 20 50 25 60 25 75 ns _ (Note 8) 
time 

Read command tron 0 0 ce] 0 ns (Note 12) 
hold time _ 

referenced to CS 

Read command tros 0 0 0 - 0 ns 

setup time 

Refresh period treF 16 - 6 16 16 ms Addresses Ag - Ag 
RAS precharge trp 50 60 70 80 ns 

time 

RAS precharge CS ~— tppo 10 10 10 10 ns 

hold time 

Read command trRH 10 10 10 10 ns (Note 12): 
hold time 

referenced to RAS 

Read cycle time - tasc 35 40 50 60 ns 

RAS hold time tasH 20 20 20 25 ns 

RAS to second WE — trgw 75 85 95 115. ns 

delay time 

Read-write cycle © = trawe 145 165 185 220 ns _—_— (Note 6) 
time 

RAS to WE delay trwo 60 70 80 100 ns _—_ (Note 15) 
Write command to — taw 20 20 20 25 ns 

RAS lead time 

Static-column tawsc 65 75 95 115 ns 

read/write cycle 

time : 
Rise and fall tr 3 50 ‘3 50 3 50 3 50 ns (Note 3) 


transition time 
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AC Characteristics (cont) 
#PD424102-60 mPD424102-70 »PD424102-80 p»PD424102-10 








Parameter Symbol Min Max Min Max Min Max Min Max Unit Test Conditions 
WE to column tWaD 20 30 22 35 20 45 25 55 ns (Note 17) 
address delay time 
Write command tweuH 15 15 15 20 ns 
hold time 
Write command twos (0) 0 (0) 0 ns (Note 15) 
setup time 
WE hold time tWHR 15 15 15 20 ns 
Write invalid time twi 10 10 10 10 ns 
Output hold time tWou 0 0 0 0 ns 
from WE 
Write command twp . 15 15 15 20 ns (Note 13) 
pulse width 
Write cycle time = twsco 35 40 50 60 ns 
WE setup time twsr 10 10 10 10 ns 
Notes: 
(1) All voltages are referenced to GND. (11) The topp requirement should be seas for RAS/CS cycles 


(2) An initial pause of 100s is required after power-up, followed by preceded by any cycle. 


any eight RAS cycles, before proper device operation is (12) Either tary or tac} must be satisfied for a read cycle. 
achieved. At the end of the initial power-up sequence, it is 
recommended that either a RAS- only refresh or a CS before RAS 
refresh cycle be executed while WE = Vj to ensure normal 


(13) Parameter twp is applicable for a delayed write cycle such as a 
read-write/read-modify-write cycle. For early write operation, 
both twos and twop must be met. 


operation. = 
. (14) These parameters are referenced to the falling edge of CS for 
(3) Ac measurements assume ty = Sns. early write cycles and to the falling edge of WE for delayed write 
(4) Vin (min) and Vj, (max) are reference levels for measuring the or read-modify-write cycles. 
timing of input signals. Transition times are measured between (15) twos, tawos town, and tawp are restrictive operating parame- 
. Vin and Vip. ters in read-write/read-modify-write cycles only. If twos = twos 
(5) loot loos: loca, and logs depend on output loading and cycle (min), the cycle is an early write cycle and the data output will 
tates. Specified values are obtained with the output open. logg remain open-circuit throughout the entire cycle. Iftowp 2 town 
is measured assuming that all column address inputs are held at (min), tawp 2 tawp (min), and tawp 2 tawp (min), the cycle is 
either a high level or a low level during RAS-only refresh cycles. a read-write cycle and the data output will contain data read 
loc4 is measured assuming that all column address inputs are from the selected cell. If neither of the above conditions is met, 
switched only once during each fast-page cycle. the condition of the data output pin (at access time and until CS 


(6) The minimum specifications are used only to indicate the cycle returns to Vj}) is indeterminate. 


time at which proper operation over the full temperature range (16) A test mode may be initiated by executing a CS before RAS 


(Ta = Oto +70°C) is assured. refresh cycle with WE held at Vi_. This mode also may inadvert- 
Load = 2TTL (+1 mA, +4mA 100 pF. ently be initiated during power-up because external control of 
in oe meer ane the signal lines is very difficult during this period. Itis therefore 
(8) Assumes that tacp = trcp (max) and trap = trap (max). If recommended that while WE is held at Vjp;, either a RAS-only or 
trcp oF trap /s greater than the maximum recommended value CS before RAS refresh cycle should be executed at any time 
in this table, trac increases by the amount that trop or trap after the end of the initial power-up sequence to ensure normal 
exceeds the value shown. device operation. 
(9) Iftpap = trap (max), then the access time is defined by tya. (17) Assumes that twap < twap (max). 


(10) torr (max) defines the time at which the output achieves the 
open-circuit condition and is not referenced to Voy or Vo,. 


N 
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Timing Waveforms 


Read Cycle 


Valid Data 
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Timing Waveforms (cont) 


Early Write Cycle 







ane High Impedance 





831H-6916B 
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Timing Waveforms (cont) | 


Late Write Cycle 


ANY 





831H-6919B 


10 
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Timing Waveforms (cont) 


Read-Write/Read-Modify-Write Cycle 
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Timing Waveforms (cont) 


Static-Column Read Cycle 
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Timing Waveforms (cont) 


Static-Column Early Write Cycle 








tcrp tacp 


% a) ie 


taSR tasc 





7 eee oe ee ee) ge ee en on a 


LV Lok Nsb Nal saad  \\cemememenemmememammemememmanll! \eemmbadendNemdrbend Seaham! | \Nemmmmreneseremnnermmseecnal | Nem ede eee hee ee Nel Nee’ 






Notes: 
[1] DouT= high Impedance. 
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Timing Waveforms (cont) 


Static-Column Read-Write/Read-Modify-Write Cycle 


top 


trwsc tRAL 
taSR tasc tCAH | tCAH 


l 7 | 
VV VX 
Address Ay panes KN - Column Address KXXM Column Address [Column Address KX 
. | aah 
| tAWD twaD trsc | 
| : tcwb 


towp 


ai! 


AA 
| 


| 
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Timing Waveforms (cont) 


Hidden Refresh Cycle 









Memory Cycle CS Before RAS Cycle 
tre tre 
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Timing Waveforms (cont) 


RAS-Only Refresh Cycle 





High Impedance 


meen 11 LTR ovo KILL 


N: EE Cc pPD424102 


Timing Waveforms (cont) 


CS Before RAS Retresh Cycle 


Note: 
[1] Address = don't care. 
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NEC 


NEC Electronics Inc. 


Description 


The devices listed below are fast-page dynamic RAMs 
organized as 1,048,576 words by 4 bits and designed to 
operate from a single power supply. 


Optional features are power supply voltage (+5 V or 
+3.3 V) and a new refresh mode called “self-refresh.” 


puPD Options 

Second-generation products 
424400-xx +5V 
424400-xxL +5 V; low-power 


Third-generation products 
424400A-xx +5V 
42S4400A-xx +5; self-refresh, low-power 
424400L-Axx +3.3 V 
42S4400L-Axx  +3.3 V; self-refresh, low-power 


-xx indicates speed grade (RAS access time). 


Advanced polycide technology minimizes silicon area 
and provides high storage cell capacity, high perfor- 
mance, and high reliability. A single-transistor dynamic 
storage cell and CMOS circuitry throughout ensure 
minimum power dissipation, while an on-chip circuit 
internally generates the negative-voltage substrate 
bias—automatically and transparently. 


The three-state I/O pins are controlled by CAS indepen- 
dent of RAS. After a valid read or read-modify-write 
cycle, data is held on the outputs by maintaining CAS 
low. Data outputs return to high impedance when CAS 
goes high. Fast-page read and write cycles can be 
executed by cycling CAS. 


Refreshing may be accomplished by means of a CAS 
before RAS cycle that internally generates the refresh 
address. Refreshing may also be accomplished by 
means of RAS-only refresh cycles or by normal read or 
write cycles on the 1024 address combinations of 
Ao - Ag during a 16-ms refresh period. 


The self-refresh mode is entered by holding RAS low for 
longer than 100s during a CAS-before-RAS refresh 
cycle. Detection of this long RAS time starts an internal 
oscillator that maintains data integrity without exter- 
nal clocking. The slow refresh reduces the data hold 
Current to less than 200 microamperes. Self-refresh 
mode is used with microprocessors that have a “sleep 
mode” for low-power applications such as notebook 
PCs, 


60001-2 


uPD424400, 424400A/L, 42S4400A/L 
1,048,576 x 4-Bit 
Dynamic CMOS RAM 


Features 


QO 1,048,576 by 4-bit organization 

QO Single +5-volt power supply 

QO Fast-page option 

Q Self-refresh option (slow internal automatic refresh) 
O Low power dissipation 

© CAS before RAS refreshing 

QO Multiplexed address inputs 

2 On-chip substrate bias generator 

OG TTL-compatible inputs and outputs 

O Nonlatched, three-state outputs 

O Low input capacitance 

QO 1024 refresh cycles every 16 ms 

QO 26/20-pin SOJ, 20-pin ZIP, and 26/20-pin TSOP 
plastic packaging 


Pin Identification 


Name Function 

Ao - Ag Address inputs 

VO, - /O4 Data inputs and outputs 
CAS Column address strobe 
OE Output enable 

RAS Row address strobe 

WE Write enable 

GND Ground 


Voc +5-volt power supply 





uPD424400, 424400A/L, 42S4400A/L NV: E C 


Pin Configurations 


26/20-Pin Plastic SOJ 26/20-Pin Plastic TSOP (Normal Pinouts) 


424400, 424400A/L, 42S4400A/L 


424400, 424400A/L, 42S4400A/. 


Suffix -9JD In the package Identifier 
denotes normal pinout sequence. 





20-Pin Plastic ZIP 


424400, 424400A/L, 42S4400A/L 





Suffix-9KD In the package Identifier 
denotes reverse pinout sequence. 
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Ordering Information, 1.PD424400 (+ 5 V; standard version; 2nd-generation product) 





RAS Access R/W Cycle Fast-Page 
Part Number Time (max) Time (max) Cycle (max) Power Option Package 
UPD424400LA-60 60 ns 120 ns 40 ns Standard 26/20-pin plastic SOJ (300-mil) 
LA-70 70 ns 140 ns 45 ns 
LA-80 80 ns 160 ns 50 ns 
uPD424400LA-60L 60 ns 120 ns 40 ns Low-power 
LA-70L 70 ns 140 ns 45 ns 
LA-80L 80 ns 160 ns 50 ns 
UPD424400V-60 60 ns 120 ns 40 ns Standard 20-pin plastic ZIP 
V-70 70 ns 140 ns 45 ns 
V-80 80 ns 160 ns 50 ns 
uUPD424400V-60L 60 ns 120 ns 40 ns Low-power 
V-70L 70 ns 140 ns 45 ns 
V-80L 80 ns 160 ns 50 ns 
uUPD424400GS-60 60 ns 120 ns 40 ns Standard 26/20-pin plastic TSOP (normal pinouts) 
GS-70 70 ns 140 ns 45 ns 
GS-80 80 ns 160 ns 50 ns 
uUPD424400GS-60L 60 ns 120 ns 40 ns Low-power 
GS-70L 70 ns 140 ns 45 ns 
GS-80L 80 ns 160 ns 50 ns 
UPD424400GSM-60 60 ns 120 ns 40 ns Standard 26/20-pin plastic TSOP (reverse pinouts)) 
GSM-70 70 ns 140 ns 45 ns 
GSM-80 80 ns 160 ns 50 ns 
¢PD424400GSM-60L. 60 ns 120 ns 40 ns Low-power 
GSM-70L 70 ns 140 ns 45 ns 
GSM-80L 80 ns 160 ns 50 ns 


pPD424400, 424400A/L, 42S4400A/L NE C 


Ordering Information, »PD424400A (+5 V; Standard version; 3rd-generation product) | 





RAS Access R/W Cycle - Fast-Page : ; 
Part Number Time (max) ; Time (max) "Cycle (max) Package 
UPD424400ALA-50 50 ns 100 ns 35 ns 26/20-pin plastic SOU (300-mil) 
LA-60 60 ns 120 ns : 40 ns 
LA-70 70 ns 140 ns 45 ns 
LA-80 80 ns 160 ns 50 ns 
MPD424400AV-50 50 ns 100 ns 35 ns 20-pin plastic ZIP 
V-60 60 ns 120 ns 40 ns 
V-70 70 ns 140-ns 45 ns 
V-80 80 ns 160 ns 50 ns 
uUPD424400AGS-50 50 ns 100 ns 35 ns 26/20-pin plastic TSOP (normal pinouts) 
GS-60 60 ns 120 ns 40 ns . 
GS-70 70 ns 140 ns 45 ns 
GS-80 80 ns 160 ns 50 ns ; 
UPD424400AGSM-50 50.ns- 100 ns 35 ns 26/20-pin plastic TSOP (reverse pinouts) 
GSM-60 60 ns 120 ns 40 ns 
GSM-70 70 ns 140 ns : 45 ns 
GSM-80 80 ns 160 ns 50 ns 





Ordering Information, »PD42S4400A (+5 V; self-refresh, low-power version; 3rd-generation plodue) 


RAS Access R/W Cycle Fast-Page Self-Refresh 
Part Number Time (max) Time (max) Cycle (max) Current (max) Package 
UPD42S4400ALA-50 50 ns 100 ns 35 ns 200 pA 26/20-pin plastic SOJ (300-mil) 
LA-60 60 ns 120 ns . 40ns 
LA-70 70 ns 140 ns 45 ns 
LA-80 80 ns 160 ns 50 ns 
UPD42S4400AV-50 50 ns 100 ns 35 ns 200 pA 20-pin plastic ZIP” 
V-60 60 ns 120 ns 40 ns 
V-70 70 ns 140 ns 45 ns 
V-80 80 ns 160 ns 50 ns 
UPD42S4400AGS-50 50 ns 100 ns 35 ns 200 WA 26/20-pin plastic TSOP (normal pinouts) 
GS-60 60 ns 120 ns 40 ns 
GS-70 70 ns 140 ns 45 ns 
GS-80 80 ns 160 ns 50 ns 
MPD42S4400AGSM-50 50 ns 100 ns 35 ns 200 pA 26/20-pin plastic TSOP (reverse pinouts) 
GSM-60 60 ns 120 ns 40 ns 
GSM-70 70 ns 140 ns 45 ns 
GSM-80 80 ns 160 ns 50 ns 


BSS 


NE C uHPD424400, 424400A/L, 42S4400A/L 


Ordering Information, »PD424400L (+ 3.3 V; standard version; 3rd-generation product) 


RAS Access R/W Cycle Fast-Page 
Part Number Time (max) Time (max) Cycle (max) Package 
UPD424400LLA-A70 70 ns 140 ns 45 ns 26/20-pin plastic SOJ (800-mil) 
LA-A80 80 ns 160 ns 50 ns 
uUPD424400LV-A70 70 ns 140 ns 45 ns 20-pin plastic ZIP 
V-A80 80 ns 160 ns 50 ns 
uPD424400LGS-A70 70 ns 140 ns 45 ns 26/20-pin plastic TSOP (normal pinouts) 
GS-A80 80 ns 160 ns 50 ns 
UPD424400LGSM-A70 70 ns 140 ns 45 ns 26/20-pin plastic TSOP (reverse pinouts) 
GSM-A80 80 ns 160 ns 50 ns 


Ordering Information, ».PD42S4400L (+ 3.3 V; self-refresh, low-power version; 3rd-generation product) 
RAS Access R/W Cycle Fast-Page Self-Refresh 


Part Number Time (max) Time (max) Cycle (max) Current (max) Package 

uUPD42S4400LLA-A70 70 ns 140 ns 45 ns 100 yA 26/20-pin plastic SOU (300-mil) 
LA-A80 80 ns 160 ns 50 ns 

HPD42S4400LV-A70 70 ns 140 ns 45 ns 100 yA 20-pin plastic ZIP 
V-A80 80 ns 160 ns 50 ns 

uUPD4284400LGS-A70 70 ns 140 ns 45 ns 100 pA 26/20-pin plastic TSOP (normal pinouts) 
GS-A80 80 ns 160 ns 50 ns 

UPD42S4400LGSM-A70 70 ns 140 ns 45 ns 100 A 26/20-pin plastic TSOP (reverse pinouts) 
GSM-A80 80 ns 160 ns 50 ns 
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Block Diagram 


CAS Clock 
Generator 


Data VO Bus 
= Column Decoder 
Sense Amplifier 


Row Decoder 


Multiplexer 
Address Buffer 





NEC 


Absolute Maximum Ratings 


Voltage on any pin relative to GND 
5-volt devices 
3.3-volt devices 


Operating temperature, Topr 
Storage temperature, Tstg 


Short-circuit output current, log 
5-volt devices 
3.3-volt devices 


Power dissipation, Pp 


-1.0to +7.0V 
-0.5 to +46 V 


0 to +70°C 
—55 to +125°C 


50 mA 
20 mA 


1.0W 


Exposure to Absolute Maximum Ratings for extended periods may 
affect device reliability; exceeding the ratings could cause perma- 
nent damage. The device should be operated within the limits 
specified under DC and AC Characteristics. 


DC Characteristics; 5-Volt Devices 


Recommended operating conditions unless otherwise noted. 


424400, 424400A 42S4400A 
Parameter Symbol “Min Max Min Max 
Standby current loca 2.0 2.0 
1.0 0.2 
Input leakage current hwy -10 10 -10 10 
Output leakage current loi) -10 10 ~10 10 
Output voltage, low VoL 0.4 0.4 
Output voltage, high Vou 2.4 2.4 
Self-refresh current loc7 Not applicable 200 


performed within 16 ms before entering self-refresh and 
after exiting self-refresh Ea 


DC Characteristics; 3.3-Volt Devices 


Recommended operating conditions unless otherwise noted. 


Parameter Symbol 
Standby current loce 
Input leakage current iy 
Output leakage current — oy) 
Output voltage, low VoL 
Output voltage, high Von 
Self-refresh current loc7 


424400L 
Min Max 
2.0 
0.5 
-5 
-5 
0.4 
2.4 


Not applicable 


42S4400L 
Min Max 
0.5 
0.1 
-5 
—5 
0.4 
2.4 
100 


uPD424400, 424400A/L, 42S4400A/L 


Capacitance 

Ta = 25°C; f= 1 MHz 

Parameter Symbol Max Unit 

Input capacitance Cy 5 pF 
Cp 7 pF 

Input/output Co 7 pF 


capacitance 


Unit 
mA 
mA 
uA 
HA 
V 
V 
HA 


Unit 
mA 
mA 
HA 
HA 


HA 


Test Conditions 
RAS = CAS 2 Viy (min); lo = OMA 


RAS = CAS = Voc -0.2V; lo = OMA 


Pins Under Test 
Addresses 

RAS, CAS, WE, OE 
VO - YO4 


Vin = 0 V to Voc; all other pins not under test = OV 


DouT disabled; Voyt = OV to Voc 
lo. = 42mA 
loy = -5 mA 


lo = O mA; all I/O and input pins = Voc —-0.2V or s 0.2V 
or open; tras 2 100 ps; 1024 refresh cycles must be 


Test Conditions 
RAS = CAS = Viy (min); lop = OMA 
RAS = CAS 2 Voc - 0.2 V; lo = OMA 


Vin = 0 V to Vgc; all other pins not under test = OV 


Dour disabled; Voyt = OV to Voc 
lol = 2mA 
lon = -2 mA 


lo = 0 mA; all I/O and input pins = Voog -0.2V ors 02V 
or open; tras = 100 ys; 1024 refresh cycles must be 
performed within 16 ms before entering self-refresh and 


after exiting self-refresh 


uPD424400, 424400A/L, 42S4400A/L 


NEC 





Low-Power Battery Backup (Low-Power and Self-Refresh Versions Only) 


424400-xxL 42S4400A 42S4400L_ Unit 


Symbol tras 
loos (max) 500 300 150 HA . < 1ys 
300 200 100 UA s 200ns 


Recommended Operating Conditions 


Parameter 

Input voltage, high 
Input voltage, low 
Supply voltage . 


Ambient temperature 


AC Characteristics 


Symbol 
Vin 
Vit 


Veco 
Ta 


Min 
2.4 
-1.0 
45 


5.0 


Recommended operating conditions unless otherwise noted. 


Parameter 


Operating current, 
average 


Operating current, RAS- 
only refresh cycle, 
average 


Operating current, fast- 
page cycle, average 


Operating current, CAS 
before RAS refresh cycle, 
average 


Access time from column 
address 


Access time from CAS 
precharge (rising edge) 


Column address setup 
time 
Row address setup time 


Column address to WE 
delay time 





Access time from CAS 
(falling edge), 


Column address hold 
time 
CAS pulse width 


CAS hold time for CAS 
before RAS refresh cycle 


Symbol 
lc ci (+5 V) 
Ic c1 (+3.3 V) 


loog (+5 V) 


locg (+3.3 V) 


loca (+5 V) 
loca (+33 V) 


loos (+5 V) 


loos (+3.3 V) 


taA 
tacp 
tasc 


tasR 
tawD 


tcac 
tCAH 


tcas 
tcHR 


Min 


50 


15 


10 


-50 


Max 
100 


100 


90 


100 


25 


30 


15 


10,000 


Min 


5-Volt Devices 


Typ 


-60 


Max 
120 


120 


90 


120 


30 


35 


10,000 


CAS Before RAS Refresh 
Cycle 


1024 refresh cycles (min) every 
128 ms; RAS = CAS = Voc - 
0.2 V or < 0.2 V, as appro- 
priate; //O open; all other inputs 
= Voc -02Vors 02V 


Standby Conditions 


RAS = CAS = Vog -0.2V; 
Din, WE, OE, Addresses = Voc 
-0.2V or = 0.2 V; 1/0 open 


3.3-Volt Devices 


15 15 


Max Min Typ Max Unit 
Voc + 1.0 2.0 Voc + 0.3 V 
0.8 -0.3 0.8 Vv 
5.5 3.0 3.3 3.6 Vv 
+70 0 +70 °C 
-70 -80 
Min) Max Min Max _ Unit Test Conditions 
100 90 mA RAS and CAS cycling; 
tac = taco min; 
70 60 mA ig = O mA (Note 5) 
100 90 mA RAS cycling; CAS = Vin; 
tac = tro min; 
70 60 mA |g = OmA (Note 5) 
80 70 mA RAS s Vi; CAS cycling; 
tpo = tpc min; 
60 50 mA Ig = OMA (Note 5) 
100 90 mA RAS cycling; CAS before 
RAS; tac = tao min; 
70 60 = =mA ig = OMA (Note.5) 
35 ; 40 ns___ (Notes 3, 4, 7, 8, 11) 
40 45 ns___ (Notes 3, 4, 7, 11) 
i¢) 10 0 15 ns _—_ (Note 9) 
0 0 ns 
55 65 ns . (Note 16) 
20 20 ns (Notes 3, 4, 7, 8, 11) 
15 15 ns 
20 10,000 20 10,000 ns 


ns 
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AC Characteristics (cont) 





-50 -60 -70 -80 
Parameter Symbol Min Max Min Max Min Max Min Max _ Unit Test Conditions 
CAS hold (CBR self- tous ~50 -50 -50 —50 ns 
refresh) 
CAS to output in low toLz 0 0 fc) ) ns _ (Note 7) 
impedance 
CAS precharge time, fast- top 10 10 10 10 10 15 10 20 ns (Note 9) 
page cycle 
CAS precharge time, topn 10 10 10 10 ns 
nonpage cycle 
CAS to RAS precharge tonp 10 10 10 10 ns = (Note 12) 
time 
CAS hold time tosy 50 60 70 80 ns 
CAS setup time for CAS tosr 10 10 10 10 ns 
before RAS refresh cycle 
CAS to WE delay towp 40 40 40 45 ns _—_ (Note 16) 
Write command to CAS — tow 15 15 15 15 ns 
lead time 
Data-in hold time toy 10 15 15 15 ns (Note 15) 
Data-in setup time tos 0 0 0 0 ns _—_ (Note 15) 
Access time from OE toca 15 15 20 20 ns (Notes 3, 4, 7, 8, 11) 
OE delay data time toED 15 15 15 20 ns 
OE command holdtime — toe 0 0 9) ) ns 
OE to inactive setup time togs 0 0 0) 0) ns 
Output turnoff delay from = togz 0 15 te) 15 0 15 0 20 ns (Note 10) 
OE 
Output buffer turnoff torr 0 15 ie) 15 ce) 15 0 20 ns __ (Note 10) 
delay 
OE to output in low-Z toz 0 0 0 0) ns _ (Notes 6, 7) 
Fast-page cycle time tpc 35 40 45 50 ns _ (Note 6) 
Fast-page read-modify- tpawe 80 85 90 100 ns __ (Note 6) 
write cycle time 
Access time from RAS trac 50 60 70 80 ns _— (Notes 3, 4, 7, 8) 
RAS to column address trap 15 25 15 30 15 35 17 40 ns _— (Note 9) 
delay time 
Row address hold time tRaH 10 10 10 12 ns 
Column address lead traL 25 30 35 40 ns 
time referenced to RAS 
(rising edge) 
RAS pulse width tras 50 10000 60 10,000 70 10,000 80 10,000 ns 
RAS pulse width, fast- trasp 50 125,000 60 125,000 70 125,000 80 125,000 ns 
page cycle 
RAS width (CBR seif- taass 100 100 100 100 us 
refresh) 
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AC Characteristics (cont) 











-50 -60 -70 -80 
Parameter : Symbol Min) Max Min Max Min Max. Min Max _ Unit Test Conditions 
Random read or write tac 100 120 140 160 ns ___ (Note 6) 
Sycletine 130 150 ns _ (Notes 6, 18) 
RAS to CAS delay time tacp 20 35 20 40 20 50 25 60 ns __ (Notes 8, 9) 
Read command holdtime troy 0 ie) fe) 0 ns___ (Note 13) 
referenced to CAS 
Read command setup tres 0 0 ie) 0 ns 
time 
Refresh period tREF 16 16 16 16 ms Addresses Ag - Ag 
(Note 19) 

RAS hold time from CAS — tgaucp 30 35 40 45 ns 
precharge 
RAS precharge time trp 40 40 60 70 ns 

50 60 ns (Note 18) 
RAS precharge CAS hold ~— trpco 10 10 10 10 ns 
time 
RAS precharge (CBR taps 90 110 130 150 ns 
self-refresh) 
Read command hold time — tar 10 10 10 10 ns _—_ (Note 13) 
referenced to RAS 
RAS hold time trsH 15 15 20 20 ns 
Read-write cycle time trwe 145 165 185 210 ns___ (Note 6) 

175 200 ns (Notes 6, 18) 
RAS to WE delay trwo 75 80 90 105 ns (Note 16) 
Write command to RAS taWL 20 20 20 20 ns 

’ lead time 

Rise and fall transition tT 3 50 3 50 3 50 3 50 ns (Note 3) 
time 
Write command hold twou 10 10 15 15 ns _—_ (Note 14) 
time 
Write command setup twos 0 0 0 fe) ns (Note 16) 
time 
WE hold time tWHR 15 15 15 15 ns 
Write command pulse twp 10 10 15 15 ns (Note 14) 
width 
WE setup time twsr 10 10 10 10 ns 


NEC 


AC Characteristics 


Notes: 


(1) 
(2) 


(3) 
(4) 


(5) 


(6) 


(7) 
(8) 


(9) 


(10) 


All voltages are referenced to GND. 


An initial pause of 100 ys is required after power-up, followed by 
any eight RAS cycles, before proper device operation is 
achieved. At the end of the initial power-up sequence, it is 
recommended that either a RAS-only or CAS before RAS refresh 
cycle be executed while WE = Vj to ensure normal operation. 


Ac measurements assume ty = 5ns. 


Ving (min) and Vy (max) are reference levels for measuring the 
timing of input signals. Transition times are measured between 
Vin and Vj. 


lect: los: lecg, and logs depend on output loading and cycle 
rates. Specified values are obtained with the output open. Ioc3 
is measured assuming that all column address inputs are held at 
either a high level or a low level during RAS-only refresh cycles. 
loca is measured assuming that all column address inputs are 
switched only once during each fast-page cycle. 


The minimum specifications are used only to indicate the cycle 
time at which proper operation over the full temperature range 
(Ta = 0 to +70°C) is assured. 


Load = 2 TTL (-1 mA, +4 mA) loads and 100 pF. 


For random read cycles, access time is defined as follows. 





Input Conditions Access Time 





trap < trap (max), tacps tracp (max) tRAc 
trap = trap (max), tasc = tasc (max) tana 
trap = trap (max), tasc = tasc (max) tcac 


The above access times assume that OE has been active toga 
(max) prior to when data is expected on the output. 


tacp (max), trap (max), tasc (max) and top (max) are specified 
as reference points only; they are not restrictive operating 
parameters. They are used to determine which access time 
(trac: taa: tcac: OF tacp) is to be used for determining when 
output data will be available. 


torr (max) andtogez (max) define the time at which the outputs 
become open-circuit and are not referenced to Voy or VoL. 


uPD424400, 424400A/L, 42S4400A/L 


(11) 


(12) 
(13) 
(14) 


(15) 


(16) 


(17) 


(18) 
(19) 


For fast-page read operation, access time is defined follows. 


CAS and Column Address Access 
Input Conditions Time 
top = top (max), tagc= top tace 
tcp = tcp (max), tasc < tcp taa 
tcp 2 tcp (max), tasc <tasc (max) taa 
tcp = tcp (max), tagc = tasc (max) tcac 


The above access times assume that OE has been active toga 
(max) prior to when data is expected on the output. 


The torp requirement should be applicable for RAS/CAS cycles 
preceded by any cycle. 


Either taay or tacy must be satisfied for a read cycle. 


Parameter twp is applicable for a delayed write cycle such as a 
read-write/read-modify-write cycle. For early write cycles, both 
twos and twcou must be met. 


These parameters are referenced to the falling edge of CAS for 
early write cycles and to the falling edge of WE for delayed write 
or read-modify-write cycles. 


twcs: tawp: tcwp, and tawp are restrictive operating parame- 
ters in read-write/read-modify-write cycles only. Iftwos = twes 
(min), the cycle is an early write cycle and the data I/O pins will 
remain open-circuit throughout the entire cycle. If towp 2 towp 
(min), tawp = tawp (min), andtawp = tawp (min), then the cycle 
is a read-write cycle and the data I/O pins will contain data read 
from the selected cells. If neither of the above conditions is met, 
the condition of the data I/O pins (at access time and until CAS 
returns to Viz) is indeterminate. 


A test mode may be initiated by executing a CAS before RAS 
refresh cycle with WE held at Vy. This mode also may inadvert- 
ently be initiated during power-up because external control of 
the signal lines is very difficult during this period. It is therefore 
recommended that while WE is held at Vjy, either a RAS-only or 
CAS before RAS refresh cycle should be executed at any time 
after the end of the initial power-up sequence to ensure normal 
device operation. 


Applies to uPD424400L and pPD42S4400L. 


1024 refresh cycles must be performed within 16 ms before 
entering self-refresh and after exiting self-refresh. 


11 





uPD424400, 424400A/L, 42S4400A/L NV. KE Cc 


Timing Waveforms 


Read Cycle 


High Impedance 


Input/Output 
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NV. E Cc uPD424400, 424400A/L, 42S4400A/L 


Timing Waveforms (cont) 


Early Write Cycle 


Cie TTL, 
S 


OY 


Input/Output 





Note: 
[1] OE = don't care. 
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Timing Waveforms (cont) 


Late Write Cycle 


«TILL ITT. 


tOEH 
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Timing Waveforms (cont) 


Read-Write/Read-Modify-Write Cycle 


tRWL: 


twp-—> 


MMMM MLL MLL LLL, 


| tAA toEH 





toEA toED 


tcac toEz 


High Impedance | iy | AAAMAAAMAY 
ru — ON otter RX on KAKA IN 


trac 
touz 
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Timing Waveforms (cont) 


Fast-Page Read Cycle 


A \N 


| | 
| TCA tOEA: toez toEz 


trac-——— tOFF tcac torr tca toFF 
High 


f High | | | | | pedance 
inpuyOutput — mon Kngetence (x Valid Data-out 4% valid Data-out EY vatid Data-out 
LZ Z to.z 


to to 
tcLz teLz tcLz 
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Timing Waveforms (cont) 


Fast-Page Early Write Cycle 





tcp tcp 


tcrP tRoD tcas pa Ca med tcas ) tCPN 
y 


a \ 
tRAD tRAL: 


tasR tRAH tcaH tasc tcaH asc tCAH 













a an an’, 


ra a 


Input/Output 


[1] OE = don'tcare. 
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Timing Waveforms (cont) 


Fast-Page Late Write Cycle 
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Timing Waveforms (cont) 


Fast-Page Read-Write/Read-Modify-Write Cycle 


tcrP tacD 


trap 
tasA tCAH tRAL 


tRAH tasc tag 'CAH 
| | 
Oh re XM con KXAN cam __IROXXNN IYI AXAANN 


trcs 


SMM 7 \ Wo 


Input/Output 
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Timing Waveforms (cont) 
Hidden Refresh Cycle 
Memory Cycle CAS Before RAS Cycle CAS Before RAS Cycle 


tro tre tac 
thas tra tre 


tcrp 


//} 
tasc 
tRAH tCAH 


tasr tRAD | i 


Input/Output Valid Data-out 
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Timing Waveforms (cont) 


RAS-Only Refresh Cycle 


tap 
tRPC 


AUN 


High Impedance 
Input/Output 2 


Notes: 
[1] WE = OE = don't care. 





CAS Before RAS Refresh Cycle 





tCSR tCHR tcrnp 


/ 


twar->| ftw 
= Ii) AU 


High Impedance 


Input/Output 
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Timing Waveforms (cont) 


CBR Selt-Retresh Cycle 


Input/Output (ee ce 
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NEC Electronics Inc. 


Description 


The uPD424402 is a static-column dynamic RAM organ- 
ized as 1,048,576 by 4 bits and designed to operate 
from asingle +5-volt power supply. Advanced polycide 
technology minimizes silicon area and provides high 
storage cell capacity, high performance, and high reli- 
ability. A single-transistor dynamic storage cel! and 
CMOS circuitry throughout ensure minimum power 
dissipation, while an on-chip circuit internally gener- 
ates the negative-voltage substrate bias—automati- 
cally and transparently. 


The three-state I/O pins are controlled by CS indepen- 
dent of RAS. After a valid read or read-modify-write 
cycle, data is held on the outputs by maintaining CS 
low. Data outputs return to high impedance when CS 
goes high. Static column read and write cycles can be 
executed by cycling CS. 


Refreshing may be accomplished by means of a CS 
before RAS cycle that internally generates the refresh 
address. Refreshing may also be accomplished by 
means of RAS-only refresh cycles or by normal read or 
write cycles on the 1,024 address combinations of Ag 
through Ag during a 16-ms refresh period. 


Features 


1,048,576 by 4-bit organization 
Single +5-volt power supply 
Static-column option 

Low power dissipation 

CS before RAS refreshing 
Multiplexed address inputs 

On-chip substrate bias generator 
TTL-compatible inputs and outputs 
Nonlatched, three-state outputs 
Low input capacitance 

1024 refresh cycles every 16 ms 
26/20-pin plastic SOu, 26/20-pin plastic TSOP, or 
20-pin plastic ZIP packaging 


oonaodoaonAngnanaoOano od 
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pPD424402 
1,048,576 x 4-Bit 
Dynamic CMOS RAM 


Pin Configurations 


26/20-Pin Plastic SOJ 


pPD424402 


20-Pin Plastic ZIP 


831H-7011A 





uPD424402 


Pin Configurations (cont) 


26/20-Pin Plastic TSOP (Normal Pinouts) 


uPD424402 


Suffix -9JD in the package identifier 
denotes normal! pinout sequence. 





26/20-Pin Plastic TSOP (Reverse Pinouts) 


pPD424402 


Suffix -9KD in the package Identifier 
denotes reverse pinout sequence. 
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Pin Identification 


Name Function 

Ag - Ag Address inputs 

VO, - /O4 Data inputs and outputs 
cs Column address strobe 
OE Output enable _ 

RAS Row address strobe 

WE Write enable 

GND . ‘Ground 

Vec +5-volt power supply 


Capacitance 
Ta = 25°C; f = 1 MHz 


Parameter Symbol Max Unit Pins Under Test 
Input capacitance Cy 5 pF Addresses 

Cro 7 pF —_ RAS, CS, WE, OE 
Input/output Co :7 pF YO, - VOq 


capacitance 


Absolute Maximum Ratings 


Voltage on any pin relative to GND -1.0 to +7.0V 
Operating temperature, Topr 0 to + 70°C 
Storage temperature, TstG -55 to + 125°C 
Short-circuit output current, los 50 mA 


Power dissipation, Pp 1.0W 


Exposure to Absolute Maximum Ratings for extended periods may 
affect device reliability; exceeding the ratings could cause perma- 
nent damage. The device should be operated within the limits 
specified under DC and AC Characteristics. 


Recommended Operating Conditions 


Parameter Symbol Min Typ Max Unit 
Input voltage, high VIH 2.4 Voc + 1.0 Vv 
Input voltage, low Vit -1.0 - 08 V 
Supply voltage Voc 4.5 5.0 5.5 V 
Ambienttemperature Ta 0 70 °C 
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Block Diagram 





CS Clock 
Generator 


OE Clock 
Generator 


Column Decoder 


Multiplexer 
Address Buffer 
Row Decoder 
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DC Characteristics 
Ta = Oto +70°C; Veg = +5.0 V +10% 
Parameter Symbol Min Typ Max Unit Test Conditions 
Standby current loce 2.0 mA RAS = CS = Vip (min); lp = OMA 

1.0 mA RAS = CS = Voc - 0.2 V; lo = OMA 
Input leakage current Nt) -10 10 LA Vin = OV to Voc; all other pins 

not under test = OV 

Output leakage current low) -10 10 yA Dout disabled; Voyt = OV to Voc 
Output voltage, low VoL 0.4 V lo. = 4.2mA 


Output voltage, high Vou 2.4 Vv lon = -5 mA 


Low Power Battery Backup (-L Versions Only) 


Symbol Max Unit tras CS Before RAS Refresh Cycle Standby Conditions 
loce 500 HA < tps 1024 refresh cycles (min) every 128 ms; RAS = CS = Voc - 0.2 V; WE, OE, Addresses 
300 LA < 200ns RAS = cs 2 Voc -0.2V ors O2V, 2 Veco -0.2V ors 02 Vv; VO open 


as appropriate; I/O open; all other inputs 
= Vec-02Vors 02V 


ypDazaaoz NEC 


Ordering Information 
RAS Access R/W Cycle Static-Column 








Part Number Time (max) Time (max) Cycle (max) Power Option Package 
uPD424402LA-60 60 ns 120 ns 35 ns Standard 26/20-pin plastic SOJ (300 mil) 
LA-70 70 ns 140 ns 40 ns 
LA-80 80 ns 160 ns 50 ns 
LA-10 100 ns 190 ns 60 ns 
UPD424402LA-60L 60 ns 120 ns 35 ns Low power 
LA-70L 70 ns 140 ns 40 ns 
LA-80L 80 ns 160 ns 50 ns 
LA-10L 100 ns 190 ns. 60 ns 
uUPD424402LB-70 70 ns 140 ns 40 ns Standard 26/20-pin plastic SOJ (350 mil) 
LB-80 80 ns 160 ns 50 ns 
LB-10 100 ns 190 ns 60 ns 
uPD424402LB-70L 70 ns 140 ns 40 ns Low power 
LB-80L 80 ns 160 ns 50 ns 
LB-10L 100 ns 190 ns 60 ns 
uUPD424402V-60 60 ns 120 ns 35 ns Standard 20-pin plastic ZIP 
V-70 70 ns 140 ns 40 ns 
V-80 80 ns 160 ns 50 ns 
V-10 100 ns 190 ns 60 ns 
uUPD424402V-60L 60 ns 120 ns 35 ns Low power 
V-70L 70 ns 140 ns 40 ns 
V-80L 80 ns 160 ns 50 ns 
V-10L 100 ns 190 ns 60 ns 
UPD424402GS-60 60 ns 120 ns 35 ns Standard 26/20-pin plastic TSOP (normal pinouts) 
GS-70 70 ns 140 ns 40 ns 
GS-80 80 ns 160 ns 50 ns 
uPD424402GS-60L 60 ns 120 ns 35 ns Low power 
GS-70L 70 ns 140 ns 40 ns 
GS-80L 80 ns 160 ns 50 ns 
uPD424402GSM-60 60 ns 120 ns 35 ns Standard 26/20-pin plastic TSOP (reverse pinouts) 
GSM-70 70 ns 140 ns 40 ns 
GSM-80 80 ns 160 ns 50 ns 
uUPD424402GSM-60L 60 ns 120 ns 35 ns Low power 
GSM-70L 70 ns 140 ns 40 ns 
GSM-80L 80 ns 160 ns 50 ns 
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AC Characteristics 
Ta = 0 to +70°C; Vog = +5.0V + 10% 





pPD424402 








-60 -70 -80 -10 

Parameter Symbol Min Max Min Max Min Max Min Max Unit Test Conditions 

Operating current, loc 120 100 90 80 mA _ RAS, CS& cycling; 

average trac = tac min (Note 
5) 

Operating current, loos 120 100 90 80 mA _ RAS cycling; CS = 

RAS-only refresh Vin min; tac = tro 

cycle, average min (Note 5) 

Operating current, loca 90 80 70 60 mA RAS < Vy; CS 

static-column cycle, cycling; tasc = trsc 

average min or twsc = twsc 
min (Note 5) 

Operating current, CS — logs 120 100 90 80 mA RAS cycling; CS < 

before RAS refreshing, Vit max; tro = tro 

average min (Note 5) 

Access time from tra 30 35 40 50 ns (Notes 3, 4, 7, 8) 

column address 

Column address hold taH 15 15 15 15 ns 

time referenced to 

RAS (rising edge) 

Column address tasc 0 0 ie) 0 ns 

setup time 

Row address setup tasR 0 0 ce) 0 ns 

time 

Column address to tawp 30 55 65 80 ns (Note 15) 

WE delay time 

Access time from CS tac 20 20 20 25. ns _(Notes 3, 4, 7, 8) 9e 

(falling edge) 

Column address hold tcaAH 15 15 15 20 ns 

time 

CS hold time for CS tour 15 15 15 20 ns 

before RAS refreshing 

CS precharge time, top 10 10 10 10 ns 

static-column cycle 

CS precharge time topn 10 10 10 10 ns 

CS to RAS precharge — topp 10 10 10 10 ns _—_ (Note 11) 

time 

CS pulse width tos 20 100,000 20 £100,000 20 £100,000 25 £100,000 ns 

CS hold time tosu 60 70 80 100 ns 

CS setup time forCS — togr 10 10 10 10 ns 

before RAS refreshing 

CS to WE delay towo 20 40 45 55 ns _—_ (Note 15) 

Write command tow. 15 15 15 20 ns 

referenced to CS lead 

time 

Data-in hold time tou 15 15 15 20 ns _— (Note 14) 

Data-in setup time tos 0 0. 0 0 ns (Note 14) 

Access time from OE — toga 20 20 20 25 ns __ (Notes 3, 4, 7, 8) 

OE data delay time toED 15 15 20 25 ns 
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AC Characteristics (cont) 








-60 -70 . 780 -10 ; 
Parameter Symbol. Min Max Min Max Min . Max Min Max Unit Test Conditions 
GE command hold tog 0 - Oo. , a 0 ns 
time ear os 
OE to RAS inactive — toes ) 0 fe) 0 ns 
setup time «i 
Output turnoff delay toEz 0 15 0 15 ) 20 0 25 ns (Note 10) 
from OE 
Output buffer turnoff torr — 0 15 0 15 0 20 0 25 ns (Note 10) 
delay 
Output hold time for tou 5 5 5 5 ns 
address oF 
Output enable time tow 25 25 25 30 ns 
from WE 
Access time from WE —tpwa 60 70 90 110 ns _ (Notes 7, 16) 
Column address hold —tpwx 60 70 90 110 ns 
time referenced to WE 
Access time from RAS trac 60 70 80 100 ns _ (Notes 3, 4, 7, 8) 
RAS to column trap 15 30 15 35 17 40 17 50 ns _— (Note 9) 
address delay time , 

Row address hold tRAH 10 10 12 12 ns 
time ; 
Column address lead tRaL 30 35 40 50 ns 
time réferenced to 

__ RAS (rising edge) 

5 RAS pulse width tras 60 10,000 70 10,000 80 10,000 100 10,000 ns 

RAS pulse width, trasc 60 100,000 70 100,000 80 100,000 100 100,000 ns 
static-column cycle 
Random read or write tro 120 140 160 190 ns (Note 6) 
cycle time 
RAS to CS delay time trop 20 40 20 50 25 60 25 75 ns (Note 8) 
Read command hold — tron 0 0 0 0 ns _—_ (Note 12) 
time referenced to CS 
Read command setup = tacs 0 0 0) 0 ns 
time 
Refresh period tREF 16 16 16 16 ms Address Ag through Ag 
RAS precharge time trp - 60 60 70 . 80 ns 
RAS precharge CS trpc 10 10 10 10 ns 
hold time 
Read command hold tRRH 10 10 10 10 ns (Note 12) 
time referenced to 
RAS 
Read cycle time tasc 35 40 50 60 ns 
RAS hold time tasH 20 20 20 25 ns 
RAS to second WE trsw 75 ; 85 95 115 ns 
delay time 
Read-modify-write = = trwo —-.145 185 210 250 ns _— (Note 6) 
cycle time , , 
RAS to WE delay _ trwo 60 90 105 _ 180 ns _—_ (Note 15) 
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AC Characteristics (cont) 
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-60 -70 -80 ~-10 
Parameter Symbol Min Max Min Max Min Max Min Max Unit Test Conditions 
Write command taWL 20 20 20 25 ns 
referenced to RAS 
lead time 
Read/write cycle time tawsc 65 95 120 145 ns 
Rise and fall ty 3 50 3 50 3 50 3 50 ns (Note 4) 
transition time 
WE to column address — twap 20 30 22 35 20 45 25 55 ns __ (Note 16) 
delay time 
Write command hold twou 15 15 15 20 ns (Note 13) 
time 
Write command setup twos 0 0 0 0 ns (Note 15) 
time 
WE command hold twHrR 15 15 15 20 ns 
time for CS before 
RAS refreshing 
Write invalid time tw 10 10 10 10 ns 
Write command pulse — twp 15 15 15 20 ns (Note 13) 
width 
Write cycle time twsc 35 40 50 60 ns 
WE command setup twsR 10 10 10 10 ns 


time for CS before 
RAS refreshing 


Notes: 


(1) 
(2) 


(3) 
(4) 


(5) 


(6) 


(8) 


(9) 
(10) 


All voltages are referenced to GND. 


An initial pause of 100 ps is required after power-up, followed by 
any eight RAS cycles, before proper device operation is 
achieved. At the end of the initial power up sequence, it is 
recommended that either a RAS- only refresh or a CS before RAS 
refresh cycle be executed while WE = Vj to ensure normal 
operation. 


AC measurements assume ty = 5 ns. 


Vin (min) and Vy (max) are reference levels for measuring the 
timing of input signals. Transition times are measured between 
Vin and Vic. 


loc4, loca: loca4, and locos depend on output loading and cycle 
rates. Specified values are obtained with the output open. Iog3 
is measured assuming that all column address inputs are held at 
either a high level or a low level during RAS-only refresh cycles. 
Ioc4 is measured assuming that all column address inputs are 
switched only once during each static column cycle. 


The minimum specifications are used only to indicate the cycle 
time at which proper operation over the full temperature range 
(Ta= 0 to + 70 °C) is assured, 


Load = 2 TTL (-1 mA, +4 mA) loads and 100 pF Voy=2.0V 
and Vo_= 0.8 V). 


If tacp = exceeds trap max, then tac will increase by the 
amount tacp exceeds tacp (max). 


If trap 2 trap (max), then the access time is defined by tag. 


torr (max) and toez (max) define the time at which the outputs 
achieve the open-circuit condition and are not referenced to Voy 
or VoL. 


(11) 
(12) 
(13) 


(14) 


(15) 


(16) 


(17) 


The topp requirement should be applicable for RAS/CS cycles 


preceded by any cycle. 
Either tary or tacy must be satisfied for a read cycle. 


Parameter twp is applicable for a delayed write cycle such as a 
tead-write/read-modify-write cycle. For early write cycles, both 
twos and twcoH must be met. 


These parameters are referenced to the falling edge of CS for 
early write cycles and to the falling edge of WE for delayed write 
or read-modify-write cycles. 


twes: tawp: tewp, and tawp are restrictive operating parame- 
ters in read-write/read-modify-write cycles only. If twos = twos 
(min), the cycle is an early write cycle and the data I/O pins will 
remain open-circuit throughout the entire cycle. If towp = towp 
(min), tawp 2 tawop (min), andtawp = tawp (min), then the cycle 
is a read-write cycle and the data I/O pins will contain data read 
from the selected cells. If neither of the above conditions is met, 
the condition of the data I/O pins (at access time and until CS 
returns to Vj}) is indeterminate. 


A test mode may be initiated by executing a CS before RAS 
refresh cycle with WE held at V\,. This mode also may inadvert- 
ently be initiated during power-up because external control of 
the signal lines is very difficult during this period. It is therefore 
recommended that while WE is held at Vj}, either a RAS-only or 
CS before RAS refresh cycle should be executed at any time 
after the end of the initial power-up sequence to ensure normal 
device operation. 


Assumes twap = twap (max). 
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Timing Waveforms 


Read Cycle 


Input/Output 
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Timing Waveforms (cont) 


Early Write Cycle 





Note: 
(1}] OE = don't care. 
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Timing Waveforms (cont) 


Late Write Cycle 
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Timing Waveforms (cont) 


Read-Write/Read-Modify-Write Cycle 
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Timing Waveforms (cont) 


Static-Column Read Cycle 
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Timing Waveforms (cont) 


Static-Column Early Write Cycle 
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Note: 


[1] OE = don't care. 
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Timing Waveforms (cont) 


Static-Column Read-Write/Read-Modity-Write Cycle 
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Timing Waveforms (cont) 


RAS-Only Refresh Cycle 


trp 
tRPC 


WO 


Input/Output 


Notes: 
[1] WE = OE = don't care. 





CS Before RAS Refresh Cycle 


tcrP 
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Input/Output 
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Timing Waveforms (cont) 


Hidden Refresh Cycle 
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NEC pPD424410 
1,048,576 x 4-Bit 


NEC Electronics Inc. | Dynamic CMOS RAM 
Description Pin Identification 
The pPD424410 is a 1,048,576 by 4-bit dynamic RAM ‘Name Function 
designed with a write-per-bit option to operate from a = Ap - Ag Address inputs 
single +5-volt power supply. Advanced polycide tech- =o, - yo, Data inputs and outputs 
nology minimizes silicon area and provides high stor- SAS SSA addi ehicne 
age cell capacity, high performance, and high reliabil- — 
ity. A single-transistor dynamic storage cellandCMOS EF Output enable 
circuitry throughout ensure minimum power dissipa- RAS Row address strobe 
tion, while an on-chip circuit internally generates the We Write enable 
negative-voltage substrate bias—automatically and AND Around 
transparently. 

: : Voc +5-volt power supply 
The three-state I/O pins are controlled by CAS indepen- Ne Nea aiGe 


dent of RAS. After a valid read or read-modify-write 
cycle, data is held on the outputs by maintaining CAS 
low. Data outputs return to high impedance when CAS pj Configurations 
goes high. Fast-page read and write cycles can be 


executed by cycling CAS. 26/20-Pin Plastic SOJ 


Refreshing may be accomplished by means of a CAS 
before RAS cycle that internally generates the refresh 
address. Refreshing may also be accomplished by 
means of RAS-only refresh cycles or by normal read or 
write cycles on the 1,024 address combinations of Ao 
through Ag during a 16-ms refresh period. 


Features 


wPD424410 


1,048,576 by 4-bit organization 

Single +5-volt power supply 

Write-per-bit option 

Fast-page option 

Low power dissipation 

CAS before RAS internal refreshing 
Multiplexed address inputs 

On-chip substrate bias generator 
TTL-compatible inputs and outputs 
Nonlatched, three-state outputs 

Low input capacitance 

1024 refresh cycles every 16 ms 

High-density 26/20-pin plastic SOJ, 26/20-pin 
plastic TSOP, or 20-pin plastic ZIP packaging 





20-Pin Plastic ZIP 


Hooo0n0onaononaonoaAanAonoa A 


831H-5375A 





60090-2 
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Pin Configurations (cont) 


26/20-Pin Plastic TSOP (Normal Pinouts) 26/20-Pin Plastic TSOP (Reverse Pinouts) 


pPD424410 


pPD424410 


Suffix -QJD in the package identifier 


denotes normal pinout sequence. Suffix -9KD in the package identifier 


denotes reverse pinout sequence. 





Block Diagram 
CAS Clock 
ae 
Generator 


OE Clock 
Generator 


Data I/O Bus | | 


; Column Decoder 
: Sense Amplifier 4 


Memory Array 


Multiplexer 
Address Buffer . 
Row Decoder 


83|H-5691B 
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Ordering Information 





RAS Access R/W Cycle Fast-Page 
Part Number Time (max) Time (max) Cycle (max) Power Option Package 
uPD424410LA-60 60 ns 120 ns 40 ns Standard 26/20-pin plastic SOU (800 mil) 
LA-70 70 ns 140 ns 45 ns 
LA-80 80 ns 160 ns 50 ns 
LA-10 100 ns 190 ns 60 ns 
uUPD424410LA-60L 60 ns 120 ns 40 ns Low power 
LA-70L 70 ns 140 ns 45 ns 
LA-80L 80 ns 160 ns 50 ns 
LA-10L 100 ns 190 ns 60 ns 
HPD424410LB-70 70 ns 140 ns 45 ns Standard 26/20-pin plastic SOU (850 mil) 
LB-80 80 ns 160 ns 50 ns 
LB-10 100 ns 190 ns 60 ns 
UPD424410LB-70L 70 ns 140 ns 45 ns Low power 
LB-80L 80 ns 160 ns 50 ns 
LB-10L 100 ns 190 ns 60 ns 
uUPD424410V-60 60 ns 120 ns 40 ns Standard 20-pin plastic ZIP 
V-70 70 ns 140 ns 45 ns 
V-80 80 ns 160 ns 50 ns 
V-10 100 ns 190 ns 60 ns 
UPD424410V-60L 60 ns 120 ns 40 ns Low power 
V-70L 70 ns 140 ns 45 ns 
V-80L 80 ns 160 ns 50 ns 
V-10L 100 ns 190 ns 60 ns 
UPD424410GS-60 60 ns 120 ns 40 ns Standard 26/20 -pin plastic TSOP (normal pinouts)  5t | 
GS-70 70 ns 140 ns 45 ns 
GS-80 80 ns 160 ns 50 ns 
uUPD424410GS-60L 60 ns 120 ns 40 ns Low power 
GS-70L 70 ns 140 ns 45 ns 
GS-80L 80 ns 160 ns 50 ns 
UPD424410GSM-60 60 ns 120 ns 40 ns Standard 26/20-pin plastic TSOP (reverse pinouts) 
GSM-70 70 ns 140 ns 45 ns 
GSM-80 80 ns 160 ns 50 ns 
uUPD424410GSM-60L 60 ns 120 ns 40 ns Low power 
GSM-70L 70 ns 140 ns 45 ns 
GSM-80L 80 ns 160 ns 50 ns 
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Absolute Maximum Ratings 
Voltage on any pin relative to GND, Vy 


Operating temperature, Topr 


Storage temperature, Tstg 


Short-circuit output current, log 


Power dissipation, Pp 


Exposure to Absolute Maximum Ratings for extended periods may 
affect device reliability; exceeding the ratings could cause perma- 
nent damage. The device should be operated within the limits 
specified under DC and AC Characteristics. 


DC Characteristics 
Ta = 0 to + 70°C; Vog = +5.0 +10% 


Parameter Symbol 
Standby current loce 
Input leakage current hw 
Output leakage current loi 
Output voltage, low Vor 
Output voltage, high Vou 


Capacitance 
Ta = 25°C; f = 1 MHz 


NEC 


-1.0 to +7.0V 
0 to +70°C Parameter Symbol Max Unit Pins Under Test 
55 to + 125°C Input capacitance Cy 5 pF Addresses 
50 mA Cio 7 pF RAS, CAS, WE, OE 
1.0W Input/output capacitance Co 7 pF 1/04 - VO, 


Parameter 


Input voltage, high 


Recommended Operating Conditions 
Symbol Min Typ Max Unit 


ViH 2.4 Voc + 1.0 V 
VIL -1.0 0.8 V 


Input voltage, low 


Voc 4.5 5.0 5.5 Vv 


Supply voltage 


Ambient temperature 


Min Typ Max Unit 
2.0 mA 
1.0 mA 
-10 10 LA 
-10 10 A 
0.4 V 
2.4 


Low Power Battery Backup (-L Versions Only) 


Symbol Max Unit tras 
loce 500 HA < 1ps 
300 HA < 200 ns 


CAS Before RAS Refresh Cycle 


1024 refresh cycles (min) every 128 ms; 
RAS = CAS = Voc -0.2V ors 02V, 
as appropriate; I/O open; all other inputs 
2 Voc-02Vors 02V 


0 70 °C 


Test Conditions 
RAS = Vin (min); lo = OmA 
RAS = CAS = Voc -0.2V; Ilo = OMA 


Vin = 0 V to Voc; all other pins 
not under test = OV 


Dout disabled; Vout = 9V toVcoc 
lo. = 42mA 
lon = -5 mA 


Standby Conditions 


RAS = CAS = Voc - 0.2 V; Din, WE, OE, 
Addresses = Voc - 0.2 V or = 0.2 V; I/O open 
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AC Characteristics 
Ta = Oto +70°C; Vog = +5.0V + 10% 











-60 -70 “80 -10 
Parameter Symbol Min Max Min Max. Min Max. Min Max Unit Test Conditions 
Operating current, average loct 120 100 90 80 mA_ RAS, CAS cycling; 
tac = tac min (Note 5) 
Operating current, RAS-only refresh — Iogg 120 100 90 80 mA RAS cycling; CAS > Viy 
cycle, average min; tac = taco min (Note 5) 
Operating current, fast-page cycle, loc4 90 80 70 60 mA RAS < Vi; CAS cycling; 
average tpc = tpc min (Note 5) 
Operating current, CAS before RAS — Ios 120 100 90 80 mA RAS cycling; CAS < Vy 
refresh cycle, average max; tac = taco min 
(Note 5) 
Access time from column address taa 30 35 40 50 ns_ (Notes 3, 4, 7, 8) 
Access time from CAS precharge tacp 45 55 45 55 ns_ (Notes 3, 4, 7, 8) 
(rising edge) 
Column address setup time tasc 0 0 0 0 ns 
Row address setup time tasr ie) (e) 0 0 ns 
Column address to WE delay time tawp 50 55 65 80 ns (Note 14) 
Access time from CAS (falling edge) toac 20 20 20 25 ns_ (Notes 3, 4, 7, 8) 
Column address hold time tcaAH 15 15 15 20 ns 
CAS pulse width toas 20 10,000 25 10,000 20 10,000 25 10,000 ns 
CAS hold time for CAS before RAS — tour 15 15 15 20 ns 
refreshing 
CAS to output active delay time toLz 0 0 0 0 ns_ (Notes 4, 7) 
CAS precharge time, fast-page cycle top 10 10 10 10 ns 
CAS precharge time, nonpage cycle topn 10 10 10 10 ns 
CAS to RAS precharge time torp 10 10 10 10 ns (Note 10) 
CAS hold time tosu 60 70 80 100 ns 
CAS setup time for CAS before RAS ~—tcgr 10 10 10 10 ns 
refresh cycle 
CAS to WE delay tcowp 40 40 45 55 ns_ (Note 14) 
Write command referenced to CAS tow. 15 15 15 20 ns 
lead time 
Data-in hold time toH 15 15 15 20 ns_ (Note 13) 
Data-in setup time tos ie) 0 0 0 ns_ (Note 13) 
Access time from OE toFA 20 20 20 25 ns (Notes 3, 4, 7, 8) 
OE data delay time toED 15 15 20 25 ns 
OE command hold time toEH ) f°) 0 ) ns 
OE to RAS inactive setup time toes ) 0) 0 ) ns 
Output turnoff delay from OE toez 0) 15 0 15 0 20 O 2 ns_ (Note 9) 
Output buffer turnoff delay torr 0) 15 0 15 0 20 0 25 ns_ (Note 9) 
OE to output active delay time toLz 0 0 0 0 ns (Notes 5, 7) 
Fast-page read or write cycle time tpc 40 45 50 60 ns_ (Note 6) 
Fast page read-modify-write cycle tppawce =: 85 90 100 120 ns_ (Note 6) 
time 
Access time from RAS tRAc 60 70 80 100 ns (Notes 3, 4, 7, 8) 


or 
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AC Characteristics (cont) 


Parameter 
RAS to column address delay time 
Row address hold time 


Column address lead time referenced 
to RAS (rising edge) 


RAS pulse width 

RAS pulse width, fast-page cycle 
Random read or write cycle time 
RAS to CAS delay time 


Read command hold time referenced 
to CAS 


Read command setup time 

Refresh period 

RAS precharge time 

RAS precharge CAS hold time 

Read command hold time referenced 
to RAS 

RAS hold time 

Read-modify-write cycle time 

RAS to WE delay 


Write command referenced to RAS 
lead time 


Rise and fall transition time 
Write-per-bit hold time 
Write-per-bit setup time 

Write command hold time 

Write command setup time 
Write-per-bit mask data hold time 


WE command hold time for CAS 
before RAS refreshing 


Write command pulse width 
Write-per-bit mask data setup time 


WE command setup time for CAS 
before RAS refreshing 


Symbol 
tRAD 
tRAH 
tRAL 


tras 
tRasP 
tre 
trop 
tRCH 


tacos 
tREF 
trp 

trec 
tRRH 


tRSH 
tawe 
trawD 
tRWL 


tT 

twBH 
twes 
twcu 
twes 


twHr 


twp 
tws 
twsr 


60 
60 
120 
20 
¢) 


50 
10 
10 


20 
165 
80 
20 


15 
10 
15 


15 
15 


15 
10 
10 


-60 


Max 
30 


10,000 
125,000 


40 


16 


-70 

Min Max Min 
15 35 17 
10 12 
35 40 
70 10,000 80 
70 125,000 80 
140 160 
20 50 25 
0 ) 

0 ey 

16 

60 70 
10 10 
10 10 
20 20 
185 210 
90 105 
20 20 
3 650 38 

15 15 
10 10 
15 15 
0 ) 

15 15 
15 15 
15 15 
10 10 

10 10 


-80 
Max 
40 


10,000 
125,000 


60 


16 


50 


Min 
17 
12 
50 


100 10,000 
100 125,000 


190 
25 
0 


80 
10 
10 


25 
250 
130 

25 


20 
10 
20 


20 
20 


20 
10 
10 


-10 
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Max Unit Test Conditions 


50 


75 


16 


50 


ns 


ns 


ns 


ns 


ns 


ns 


ns 


ms 


ns 


ns 


ns 


ns 


ns 


ns 


ns 


ns 


ns 


ns 


ns 


ns 


ns 


ns 


ns 


ns 


ns 


(Note 8) 


(Note 6) 
(Note 8) 
(Note 11) 


Address Ag through Ag 


(Note 11) 


(Note 6) 
(Note 14) 


(Note 3) 


(Note 12) 
(Note 14) 


(Note 12) 


NEC 


Notes: 


(1 
(2 


~~ 


(3 
(4) 


~~ 


(5) 


(6) 


(8) 


(9) 


All voltages are referenced to GND. 


An initial pause of 100 us is required after power-up, followed by 
any eight RAS cycles, before proper device operation is 
achieved. At the end of the initial power up sequence, either a 
RAS-only or a CAS before RAS refresh cycle be executed while 
WE = Vj to ensure normal operation. 


Ac measurements assume ty = 5s. 


Vin (min) and Vi, (max) are reference levels for measuring the 
timing of input signals. Transition times are measured between 
Vin, and Viz. 


lect loos: locg. and loos depend on output loading and cycle 
rates. Specified values are obtained with the output open. iogg 
is measured assuming that all column address inputs are held at 
either a high level or a low level during RAS-only refresh cycles. 
loc4 is measured assuming that all column address inputs are 
switched only once during each fast-page cycle. 


The minimum specifications are used only to indicate the cycle 
time at which proper operation over the full temperature range 
(Ta= 0 to + 70°C) is assured. 


Load = 2 TTL (-1 mA, +4 mA) loads and 100 pF. 


Iftacp <= tacp (max) and trap < trap (max), access time is 
defined by taac (max). If tacp 2=trRop (max), access time is 
defined by tcac (max). If trap 2 trap (max), access time is 
defined by ta, (max). 


torr (max) and togz (max) define the time at which the outputs 
achieve the open-circuit condition and are not referenced to Voy 
or VoL. 


(10) 


(11) 
(12) 


pPD424410 


The torpp requirement should be applicable for RAS/CAS cycles 
preceded by any cycle. 


Either tary or troy must be satisfied for a read cycle. 


Parameter twp is applicable for a delayed write cycle such as a 
read-write/read-modify-write cycle. For early write cycles, both 
twos and twcp must be met. 


(13) These parameters are referenced to the falling edge of CAS for 


early write cycles and to the falling edge of WE for delayed write 
or read-modify-write cycles. 


(14) twos, tawp, tewp: and tawp are restrictive operating parame- 


(15) 


(16) 


ters in read-write/read-modify-write cycles only. If tyos 2 twos 
(min), the cycle is an early write cycle and the data I/O pins will 
remain open-circuit throughout the entire cycle. If towp 2 towp 
(min), tawp 2 tawp (min), andtawp 2 tawp (min), then the cycle 
is a read-write cycle and the data I/O pins will contain data read 
from the selected cells. If neither of the above conditions is met, 
the condition of the data I/O pins (at access time and until CAS 
returns to Vj}) is indeterminate. 


A test mode may be initiated by executing a CAS before RAS 
refresh cycle with WE held at Vi. This mode also may inadvert- 
ently be initiated during power-up because external control of 
the signal lines is very difficult during this period. It is therefore 
recommended that while WE is held at Vin, either a RAS-only or 
CAS before RAS refresh cycle should be executed at any time 
after the end of the initial power-up sequence to.ensure normal 
device operation. 


These parameters define a read-modify-write cycle. 
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Write-Per-Bit Option 


The write-per-bit option may be used to allow awrite executes. If an I/O line is low, the corresponding bit 
cycle to change any number of bits in the 4-bit word. | does not change. A mask loaded during fast-page 
The mask is loaded from the four I/O lines at the falling § operation will remain set and active for each write cycle 
edge of RAS if WE= V),. If the I/O line is high, thenthe — that executes while RAS remains low. The mask may be 
corresponding bit will be written when the write cycle changed at the falling edge of RAS only. 


Comparison of Write-Per-Bit Cycle Versus Standard 4-Bit Write Cycle 


Write-Per-Bit 
Cycle 


Write Data 


Normal 4-bit 
Write Cycle 


ible oe 
VO, 
0 (Low) Disable Bit Write 
VOo 
0 {Low} Disable Bit Write 
VO3 
1 (High) 
VO4 . ; ; 
Disable Bit Write 





83VB-6778B 
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Timing Waveforms 


Read Cycle 


Address 


High Impedance 


Input/Output 
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Timing Waveforms (cont) 


Early Write Cycle 


_ Address 


[1] OE = don't care. 





NEC 


| ALLEL LLL LLL 
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Timing Waveforms (cont) 


Late Write Cycle 





'WCH 
twp 


me YK eto K/ MILL LL. 


'OEH 





tws tWH 'DH 


Mask Select .\ (\ (\ (\ 
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Timing Waveforms (cont) 


Read-Write/Read-Modify-Write Cycle 


Address 


tCWL 
tWBH hes TRWL 


Bo cP mae 
v= ER sa XY VIII. 


| 
LN WWMM 


tws tWH tcac 


Input/Output 


‘ Write-Per-Bit h High impedance 
High Mask Select 
Impedance 
ees oes 





83VB-6782B 


12 


NEC 


Timing Waveforms (cont) 


Fast-Page Read Cycle 


Address 





High Impedan | 
Input/Output g ie 





yuPD424410 





TT 


toEZ 
tOFF 


High 
(N Valid Data-out pmpedence 


toLz toLz toLz 
tcLz tCLz 


(x Valid Data-out ( Valid Data-out 


83VB-6786B 
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Timing Waveforms (cont) 


Fast-Page Early Write Cycle 


\\ 


tASR tRAH tcCAH tasc 


tRAD 


OX) 


(1} OE = don't care. 
[2] Write-per-bit enabie/disabie. 
[3] Write-per-bit mask select. 
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Timing Waveforms (cont) 


Fast-Page Late Write Cycle 


tRcCS 


<> tCWL | 
tWCH 


; 


on OXKKKKEKK 
HL cumin KXAN 


a ED 4, To “VT 
tOEH 


'OEH 
Ss 





Notes: 
[1] Write-per-bit enable/disable. 
[2] Write-per-bit mask select. 





y 
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ming Waveforms (cont) 


Fast-Page Read-Write/Read-Modify-Write Cycle 


16 


tRCD 


N 


TRAD 
tASR 


tasc 


tRAH 
| 
meme Bo XK oe) 
" : 


‘WBS 'WBH 


a) 


tws tWH  tcac 


Input/Output { inoio2; High Impedance 


Notes: 
[1] Write-per-bit enable/disabie. 
[2] Write-per-bit mask select. 


'CAH 


Data- 
Vee 


toLz 
tOEz 
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tRAL 
tCAH 


ee 
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Timing Waveforms (cont) 


Hidden Refresh Cycle 


Memory Cycle CAS Before RAS Cycle CAS Before RAS Cycle 
tac tro tro 
tRAS tRAS tRAS 


tcRP 
//} 
TRAH 


tASR TRAD | fie 


Address 


NS 


cx tOEZ 


tOLz 


High 
High Impedanc 
Ispuy Output ——— (x Valid Data-out ha sopecance 
= 


tOEA torr 





83VB-6785B 








pPD424410 


Timing Waveforms (cont) 


RAS-Only Refresh Cycle 


tRP 
tRPC 


AN 


Input/Output 


Notes: 
{1] WE = OE = don't care. 





CAS Before RAS Refresh Cycle 


trp 


/ 


tCSR tCHR 


CAS 


mellow | 
we /// AI 


High impedance 


Input/Output 
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NEC Electronics Inc. 


Description 


The pPD424412 is a static-column 1,048,576 by 4-bit 
dynamic RAM designed with a write-per-bit option to 
operate from a single +5-volt power supply. Advanced 
polycide technology minimizes silicon area and pro- 
vides high storage cell capacity, high performance, 
and high reliability. A single-transistor dynamic storage 
cell and CMOS circuitry throughout ensure minimum 
power dissipation, while an on-chip circuit internally 
generates the negative-voltage substrate bias— 
automatically and transparently. 


The three-state I/O pins are controlled by CS indepen- 
dent of RAS. After a valid read or read-modify-write 
cycle, data is held on the outputs by maintaining CS 
low. Data outputs return to high impedance when CS 
goes high. Static-column read and write cycles can be 
executed by cycling CS. 


Refreshing may be accomplished by means of a CS 
before RAS cycle that internally generates the refresh 
address. Refreshing may also be accomplished by 
means of RAS-only refresh cycles or by normal read or 
write cycles on the 1024 address combinations of Ag - 
Ag during a 16-ms refresh period. 


Features 


1,048,576 by 4-bit organization 
Single +5-volt power supply 
Write-per-bit option 

Static-column option 

Low power dissipation 

CS before RAS internal refreshing 
Multiplexed address inputs 

On-chip substrate bias generator 
TTL-compatible inputs and outputs 
Nonlatched, three-state outputs 
Low input capacitance 

1024 refresh cycles every 16 ms 
High-density 26/20-pin SOJ, 20-pin ZIP, or 26/20- 
pin TSOP plastic packaging 


Hbooandoaaouwuadga ana 


60111-1 





pPD424412 
1,048,576 x 4-Bit 
Dynamic CMOS RAM 


Pin Identification 


Name Function 

Ag - Ag Address inputs 

YO, - VO Data inputs and outputs 
cs Chip select 

OE Output enable 

RAS Row address strobe 

WE Write enable 

GND Ground 

Voce +5-volt power supply 


Pin Configurations 


26/20-Pin Plastic SOJ 


pPD424412 
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Pin Configurations (cont) 





26/20-Pin Plastic TSOP (Normal Pinouts) 26/20-Pin Plastic TSOP (Reverse Pinouts) 


pPD424412 pPD424412 


Suffix -9JD In the package Identifier 


denotes normal pinout sequence. Suffix~9KD In the package identifier 


denotes reverse pinout sequence. ; 
83FM-7915A, 





Block Diagram 


CS Clock 

Generator = 
WE Clock 
Generator 


CS Before RAS [oe 
OE Clock 
Intemal Refresh Generator 
Clock 
Data /O Bus 
Refresh Address 
Counter 


: Column Decoder 
Sense Amplifier 


e e eo e e . e e 
Multiplexer 
Address Buffer 
Row Decoder 


8314-70123 
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Ordering Information 
RAS Access R/W Cycle Static-Column 





Part Number Time (max) Time (max) Cycle (max) Power Option Package 
UPD424412LA-60 60 ns 120 ns 35 ns Standard 26/20-pin plastic SOJ (300-mil) 
LA-70 70 ns 140 ns 40 ns 
LA-80 80 ns 160 ns 50 ns 
LA-10 100 ns 190 ns 60 ns 
uUPD424412LA-60L 60 ns 120 ns 35 ns Low power 
LA-70L 70 ns 140 ns 40 ns 
LA-80L 80 ns 160 ns 50 ns 
LA-10L 100 ns 190 ns 60 ns 
uUPD424412V-60 60 ns 120 ns 35 ns Standard 20-pin plastic ZIP 
V-70 70 ns 140 ns 40 ns 
V-80 80 ns 160 ns 50 ns 
V-10 100 ns 190 ns 60 ns 
uUPD424412V-60L 60 ns 120 ns 35 ns Low power 
V-70L 70 ns 140 ns 40 ns 
V-80L 80 ns 160 ns 50 ns 
V-10L 100 ns 190 ns 60 ns 
uUPD424412GS-60 60 ns 120 ns 35 ns Standard 26/20-pin plastic TSOP (normal pinouts) 
GS-70 70 ns 140 ns 40 ns 
GS-80 80 ns 160 ns 50 ns 
uUPD424412GS-60L 60 ns 120 ns 35 ns Low power 
GS-70L 70 ns 140 ns 40 ns 
GS-80L 80 ns 160 ns 50 ns 
UPD424412GSM-60 60 ns 120 ns 35 ns Standard 26/20-pin plastic TSOP (reverse pinouts) 
GSM-70 70 ns 140 ns 40 ns 
GSM-80 80 ns 160 ns 50 ns 
uUPD424412GSM-60L 60 ns 120 ns 35 ns Low power 
GSM-70L 70 ns 140 ns 40 ns 
GSM-80L 80 ns 160 ns 50 ns 
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Absolute Maximum Ratings 
Voltage on any pin relative to GND, Vy 
Operating. temperature, Topr . 
Storage temperature, Tgtg 
Short-circuit output current, log 


Power dissipation, Pp 


-1.0 to +7.0V 
0 to +70°C 
-55 to + 125°C 
50 mA 

1.0W 


Exposure to Absolute Maximum Ratings for extended periods may 
affect device reliability; exceeding the ratings could cause perma- 
nent damage. The device should be operated within the limits 


specified under DC and AC Characteristics. 


DC Characteristics 
Ta = 0 to +70°C; Vocg = +5.0 +10% 


NEC 


Recommended Operating Conditions 


Parameter 


Input voltage, high 
Input voltage, low 


Supply voltage 


Ambient temperature 


Capacitance 


Ta = 25°C; f = 1 MHz 
Symbol Max Unit 


Parameter 


Input Cr 


capacitance 


Ci2 
Input/output Co 


capacitance 


Symbol. Min Typ Max Unit 


Vin 2.4 Voc + 1.0 V 
Vit -1.0 0.8 ‘Vv 
Voo 45 5.0 5.5 Vv 
Ta 0 70 ie: 


Pins Under Test 


5 pF Addresses 


pF ‘RAS, CS, WE, 
pF O04 = VO4 


mi 








Parameter Symbol Min Typ Max Unit Test Conditions 
Standby current lece 2.0 mA RAS = CS = Vjy (min); lp = OMA 
1.0 mA RAS = CS = Voc -0.2 V; lo = OMA 
Input leakage current hy -10 10 HA Vin = 0 V to Voc; all other pins 
not under test = OV 
Output leakage current low) -10 10 LA /O disabled; Voyt = OV toVoc 
Output voltage, low VoL 0.4 lo. = 4.2mA 
Output voltage, high Vou 2.4 V lon = -5 mA 
Low Power Battery Backup (-L Versions Only) 
Symbol Max Unit tras CS Before RAS Refresh Cycle Standby Conditions 


lecs 500 uA 
300 HA 


s ius 


s 200 ns 


1024 refresh cycles (min) every 128 ms; 
RAS = CS = Vop -0.2Vors 02V, 
as appropriate; I/O open; all other inputs 
2 Voc -02V ors 0.2V 


RAS = CS = Voc - 0.2 V; WE, OE, Addresses 
= Voc - 0.2V ors 0.2 V; I/O open 
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AC Characteristics 


Ta = Oto +70°C; Veg = +5.0V + 10% 


Parameter 


Operating current, average 


Operating current, RAS-only 
refresh cycle, average 


Operating current, static- 
column cycle, average 


Operating current, CS 
before RAS refreshing, 
average 


Access time from column 
address 


Colum address hold time 
referenced to RAS (rising 
edge) 


Column address setup time 
Row address setup time 


Column address to WE delay 
time 


Access time from CS (falling 
edge) 


Column address hold time 


C& hold time for CS before 
RAS refreshing 


CS precharge time, static- 
column cycle 


CS precharge time 

CS to RAS precharge time 
CS pulse width 

CS hold time 


CS setup time for CS before 
RAS refreshing 


CS to WE delay 


Write command referenced 
to CS lead time 


Data-in hold time 
Data-in setup time 
Access time from OE 
OE data delay time 


OE command hold time 


Symbol Min 
lect 

loos 

loca 

loos 

taA 

taH 15 
tasc 

tasr 

tawp 30 
tcac 

tcaAH 15 
tcHR 15 
top 10 
tcPN 10 
torp 10 
tos 20 
tosH 60 
tesr 10 
tcwo 20 
towL 15 
tox 15 
tos 0 
toEA 

toeD 15 
toEH 0 


Max 
120 


120 


90 


120 


30 


20 


100,000 


20 


15 


55 


15 
15 


10 


10 
10 
20 
70 
10 


40 
15 


15 


15 


Max 
100 


100 


80 


100 


35 


100,000 


15 


65 


15 
15 


10 


10 
10 
20 
80 
10 


45 
15 


15 
0 


20 


Max 
90 


90 


70 


90 


40 


20 


100,000 


20 


Min 


15 


80 


20 
20 


10 


10 

10 

25 
100 
10 


55 
20 


20 


25 


Max 
80 


80 


60 


80 


50 


25 


100,000 


25 


Unit 
mA 


mA 


mA 


mA 


ns 


ns 


ns 
ns 


ns 


ns 


ns 


ns 


ns 


ns 
ns 
ns 
ns 


ns 


ns 


ns 


ns 
ns 
ns 
ns 


ns 


pPD424412 


Test Conditions 


RAS, CS cycling; 
tro = trac min 
(Note 5) 

RAS cycling; CS = 
Vin min; tac = tac 
min (Note 5) 

RAS < Vi; CS 
cycling; tase = 
tasc min or 

twsc = twsc min 
(Note 5) 

RAS cycling; CS < 
Vi max; taco = 
tao min 

(Note 5) 


(Notes 3, 4, 7, 8) 


(Note 15) 


(Notes 3, 4, 7, 8) 





(Note 11) 


(Note 15) 


(Note 14) 


_ (Note 14) 


(Notes 3, 4, 7, 8) 
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AC Characteristics (cont) 


Parameter 


GE to RAS inactive setup 
time 


Output turnoff delay from 
OE 


Output buffer turnoff delay 
Output hold time for address 
Output enable time from WE 
Access time from WE 


Column address hold time 
referenced to WE 


Access time from RAS 


RAS to column address 
delay time 


Row address hold time 


Column address lead time 
referenced to RAS (rising 
edge) 


RAS pulse width 


RAS pulse width, static- 
column cycle 


Random read or write cycle 
time 


RAS to CS delay time 


Read command hold time 
referenced to CS 


Read command setup time 
Refresh period 

RAS precharge time 

RAS precharge CS hold time 


Read command hold time 
referenced to RAS 


Read cycle time 
RAS hold time 


RAS to second WE delay 
time 


Read-modify-write cycle time 
RAS to WE delay 


Write command referenced 
to RAS lead time 


Read/write cycle time 
Rise and fall transition time 


WE to column address delay 
time 


Write-per-bit hold time 


Symbol 


toes 


toEz 


torr 
tou 
tow 
tpwa 
tpwH 


trac 
tRaD 


tRAH 
tRAL 


tras 
trasc 


tac 


trop 
tron 


tros 
tREF 
trp 

tapc 
tRRH 


tasc 
tRsH 
tasw 


trawe 
tawob 
tRWL 


tawsc 


twaD 


tweH 


0 


60 


15 


10 
30 


60 


120 


20 


50 
10 
10 


35 
20 
75 


145 
60 
20 


65 


-60 
Max 


15 


15 


25 
60 


60 
30 


10,000 
100,000 


40 


16 


50 
30 


70 


15 


10 


35 


70 


70 


140 


20 


60 
10 
10 


40 


85 


185 
90 
20 


95 


22 


15 


15 


15 


25 
70 


70 
35 


10,000 
100,000 


50 


16 


&|S 


90 


17 


12 


40 


80 


80 


160 


25 


70 
10 
10 


50 
20 
95 


210 
105 
20 


120 


20 


15 


20 


20 


25 
90 


80 
40 


10,000 
100,000 


60 


16 


50 
45 


110 


17 


12 


50 


100 


100 


190 


25 


80 
10 
10 


60 
25 
115 


250 
130 
25 


145 


25 


20 


Max 


25 


25 


30 
110 


100 
50 


10,000 
100,000 


75 


16 


50 
55 


Unit 


ns 


ns 


ns 
ns 
ns 
ns 


ns 


ns 


ns 


ns 


ns 


ns 


ns 


ns 


ns 


ns 
ns 


ns 


ns 
ns 


ns 


ns 
ns 


ns 


ns 
ns 


ns 


ns 
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Test Conditions 


(Note 10) 


~ (Note 10) 


(Notes 7, 16) 


(Notes 8, 4, 7, 8) 
(Note 9) 


(Note 6) 
(Note 8) 


(Note 12) 


Addresses Ag- Ag 


(Note 12) 


(Note 6) 
(Note 15) 


(Note 4) 
(Note 16) 


NEC 


pPD424412 





AC Characteristics (cont) 








-60 -70 -80 -10 
Parameter Symbol Min Max Min Max Min Max Min Max Unit Test Conditions 
Write-per-bit setup time twes 10 10 10 10 ns 
Write command hold time tWcH 15 15 15 20 ns (Note 13) 
Write command setup time twos 0 (0) 0 0 ns (Note 15) 
Write-per-bit mask data hold = twy 15 15 15 20 ns 
time 
WE command hold time for — twHr 15 15 15 20 ns 
CS before RAS refreshing 
Write invalid time twi 10 10 10 10 ns 
Write command pulse width = twp 15 15 15 20 ns (Note 13) 
Write-per-bit mask data tws 10 10 10 10 ns 
setup time 
Write cycle time twsc 35 40 50 60 ns 
WE command setup time for twsr 10 10 10 10 ns 


CS before RAS refreshing 





Notes: 
(1) All voltages are referenced to GND. 


(2) Aninitial pause of 100 pus is required after power-up, followed by 
any eight RAS cycles, before proper device operation is 
achieved, At the end of the initial power up sequence, it is 
recommended that either a RAS- only refresh or a CS before RAS 
refresh cycle be executed while WE = Vj to ensure normal 
operation. 


(8) Ac measurements assume ty = 5ns. 


(4) Viz (min) and Vi, (max) are reference levels for measuring the 
timing of input signals. Transition times are measured between 
Vin and Viv. 


(5) loct, loca, loc4, and Iecs depend on output loading and cycle 
rates. Specified values are obtained with the output open. loog 
is measured assuming that all column address inputs are held at 
either a high level or a low level during RAS-only refresh cycles. 
loc4 is measured assuming that all column address inputs are 
switched only once during each static column cycle. 


(6) The minimum specifications are used only to indicate the cycle 
time at which proper operation over the full temperature range 
(Ta= 0 to + 70°C) is assured. 


(7) Load = 2 TTL (-1 mA, +4 mA) loads and 100 pF. 


(8) If trop = exceeds trap max, then tpac will increase by the 
amount tacp exceeds tracy (max). 


(9) If trap = trap (max), then the access time is defined by taa. 


(10) torr (max) and torz (max) define the time at which the outputs 
achieve the open-circuit condition and are not referenced to Voy 
or VoL. 


(11) The tc_p requirement should be applicable for RAS/CS cycles 
P 
preceded by any cycle. 


(12) Either tan or tacy must be satisfied for a read cycle. 


(13) Parameter twp is applicable for a delayed write cycle suchas a 
read-write/read-modify-write cycle. For early write cycles, both 
twos and twcoy must be met. 


(14) These parameters are referenced to the falling edge of CS for 
early write cycles and to the falling edge of WE for delayed write 
or read-modify-write cycles. 


(15) twos, tawo: tewo, and tawp are restrictive operating parame- 
ters in read-write/read-modify-write cycles only. If twos = twes 
(min), the cycle is an early write cycle and the data I/O pins will 
remain open-circuit throughout the entire cycle. If towp = tewo 
(min), tawp = tawp (min), andtawp = tawp (min), then the cycle 
is a read-write cycle and the data I/O pins will contain data read 
from the selected cells. If neither of the above conditions is met, 
the condition of the data I/O pins (at access time and until CS 
returns to Vj) is indeterminate. 


(16) A test mode may be initiated by executing a CS before RAS 
refresh cycle with WE held at Vj. This mode also may inadvert- 
ently be initiated during power-up because external control of 
the signal lines is very difficult during this period. Itis therefore 
recommended that while WE is held at Vj}, either a RAS-only or 
CS before RAS refresh cycle should be executed at any time 
after the end of the initial power-up sequence to ensure normal 
device operation. 


(17) Assumes twap = twap (max). 


“J 
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Write-Per-Bit Option 


The write-per-bit option may be used to allow a write 
cycle to change any number of bits in the 4-bit word. 
The mask is loaded from the four I/O lines at the falling 
edge of RAS if WE = Vj_. If the 1/0 line is high, then the 
corresponding bit will be written when the write cycle 
executes. If an I/O line is low, the corresponding bit 
does not change. A mask loaded during static-column 
operation will remain set and active for each write cycle 
that executes while RAS remains low. The mask may be 
changed at the falling edge of RAS only. 


Comparison of Write-Per-Bit Cycle Versus Standard 4-Bit Write Cycle 


Write-Per-Bit 
Cycle 


Normal 4-bit 
Write Cycle 





NEC yPDazaai2 


Timing Waveforms 


Read Cycle 





tnput/Output 
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Timing Waveforms (cont) 


Early Write Cycle 


Note: 
[1] OF = don't care. 
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Timing Waveforms (cont) 


Late Write Cycle 





ae 
a nn ae 
=X SEE? VILL 


tOEH 


LLL) ee 


tws tWH toED 
rome 77)X eas }—— OX == __ ON 











pPD424412 


Timing Waveforms (cont) 


Read-Write/Read-Modify-Write Cycle 


tRWD 


| ia 
twas > <a 

a) ae “Lt 
| : 


toEA 
tws toEz = 5 
Write-Per-Bit Valid 
Impedance 
a 
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Timing Waveforms (cont) 


Static-Column Read Cycle 






Input/Output ( 


y 
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Timing Waveforms (cont) 


Static-Column Early Write Cycle 
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A 


tRAD | tasc 


tasr tcaH tasc tcaH ‘asc tCAH 


twsc ——____> twsc 


twces twcs 


tWCH incu 
tWBH twi . 


twes twp aa <—twp tw 
— Xr) Write-Per-Bit . 
WE Oy Enable/Disable} N ! 


tws| | twH tos tbH 
tos tDH 


voacons Rarer KY ome KI ome KRM 
=a tasw = 
Note: 


[1] OE = dont care. 
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Timing Waveforms (cont) 


Static-Column Read-Write/Read-Modify-Write Cycle 


tacD 


aN 
taSR | trawsc arias 


tasc 
| 


bi 
Ve) ee 
tWBH | 


tCAH 
tRwo tRWL 


we (Ye [} WLLL, 





= 


twH 


CAC H 


tws t tp 
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Timing Waveforms (cont) 


Hidden Refresh Cycle 


tRp 
tcrP 


77} 


tasR 


H 


tWHR 


Input/Output Valid Data-out 
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Timing Waveforms (cont) 


RAS-Only Refresh Cycle 


trp 
tRPC 


AUN 





| 


CS Before RAS Refresh Cycle 
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NEC Electronics Inc. 


Description 


The uPD424440/L and uPD42S4440/L are fast-page dy- 
namic RAMs organized as 1,048,576 words by 4 bits and 
designed to operate from a single power supply. The 
four CAS controls, CAS, - CAS,, are paired with I/O, - 
/O4 


Optional features are power supply voltage (+5 V or 
+3.3 V) and a new refresh mode called “self-refresh.” 


uPD Options 

424440 +5V 

424440L +3.3V 

4284440 +5 V; self-refresh mode 


42S4440L +3.3 V; self-refresh mode 


Advanced polycide technology using stacked capaci- 
tors minimizes silicon area and provides high storage 
cell capacity, high performance, and high reliability. A 
single-transistor dynamic storage cell and CMOS cir- 
cuitry throughout ensure minimum power dissipation, 
while an on-chip circuit internally generates the 
negative-voltage substrate bias—automatically and 
transparently. 


The three-state 1/O;.4 pins are controlled by CASy.4 
independent of RAS. After a valid read or read-modify- 
write cycle, data is held on the output by maintaining 
CAS low. The output returns to high impedance when 
CAS goes high. Fast-page read and write cycles can be 
executed by cycling CAS. 


Refreshing may be accomplished by a CAS before RAS 
refresh cycle (CBR) that internally generates the re- 
fresh address. RAS-only refresh cycles will also refresh 
all memory locations. 


The self-refresh mode is entered by holding RAS low for 
longer than 100 ys during a CBR cycle. Detection of this 
long RAS time starts an internal oscillator that main- 
tains data integrity without external clocking. The slow 
refresh reduces the data hold current to less than 200 
microamperes. Self-refresh mode is used with micro- 
processors that have a “sleep mode” for low-power 
applications such as notebook PCs. 


Features 


QO 1,048,576 by 4-bit organization 

0 Single power supply (+5-volt or +3.3-volt) 

Q Self-refresh option (slow internal automatic refresh) 
O Fast-page option 


60229 





uPD424440/L, 42S4440/L 
1,048,576 x 4-Bit 
Dynamic CMOS RAM 
With Four CAS controls 


Low power dissipation 

Four 1/0 and CAS pairs 

CAS before RAS refreshing 

On-chip substrate bias generator 
TTL-compatible inputs and outputs 
Nonlatched, three-state outputs 

Low input capacitance 

1024 refresh cycles every 16 ms 
26/24-pin (350-mil) plastic SOU package 


ooono0 0 08 000 


Pin Configuration 


26/24-Pin Plastic SOJ 


pPD424440/L, 4254440/L 





Pin Identification 


Name Function 

Ao - Ag Address inputs 

VO, - YVO4 Data inputs and outputs 

CAS, - CAS, Column address strobes 

OE Output enable 

RAS Row address strobe 

WE Write enable 

GND Ground 

Voc +5-volt or +3.3-volt power supply 
NC No connection 


pPD424440/L, 42S4440/L N; KE Cc 


Ordering Information, Standard Devices 





RAS Access Fast-Page Cycle CAS Access 
Part Number Time (max) Time (max) Power Supply Time (max) Package 
uPD424440LE-60 60 ns 40 ns . +5V 20 ns 26/24-pin plastic SOJ 
LE-70 70 ns 45 ns 
LE-80 80 ns 50 ns 
pPD424440LLE-60 60 ns 40 ns  43.3V 
LE-70 70 ns : 45 ns 
LE-80 80 ns 50 ns 





Ordering Information, Self-Refresh Devices 


RAS Access Fast-Page Cycle CAS Access 
Part Number Time (max) Time (max) Power Supply Time (max) Package 
UPD42S4440LE-60 60 ns 40 ns +5V 20 ns 26/24-pin plastic SOJ 
LE-70 70 ns 45 ns 
LE-80 80 ns 50 ns 
uPD42S4440LLE-A6O . 60 ns 40 ns +3.3V 
LE-A70 70 ns — 45 ns 
LE-A80 80 ns 50 ns 





Block Diagram 


GAS Clock 
Generator 


Internal Refresh 
Clock 


Refresh Address 


Multiplexer 
Address Buffer 
Row Decoder 
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Absolute Maximum Ratings 


Voltage on any pin relative to GND 
+ 5-voit devices 
+3.3-volt devices 


Operating temperature, TopR 
Storage temperature, TsTg 


Short-circuit output current, log 
+ 5-volt devices 
+3,3-volt devices 


Power dissipation, Pp 


--1.0 to +7.0 V 


-0.5 to +4.6V 
0 to + 70°C 
-55 to + 125°C 


50 mA 
20 mA 


1.0W 


Exposure to Absolute Maximum Ratings for extended periods may 
affect device reliability; exceeding the ratings could cause perma- 
nent damage. The device should be operated within the limits 


specified under DC and AC Characteristics. 


Recommended Operating Conditions 


Parameter Symbol Min 
Input voltage, high Vin 2.4 
Input voltage, low VIL -1.0 
Supply voltage Voc 45 
Ambient temperature - Ta 0 


Self-Refresh Current 


+5-Volt Devices 


Typ 


5.0 


pPD424440/L, 


Capacitance 
Ta = 25°C; f = 1 MHz 


Ta = Oto +70°C; Vog = +5 V £10% (4284440) or +3.3 V +0.3 V (42844401) 


Symbol 42S$4440 4284440L 
loo7 300 yA max 100 yA max 
DC Characteristics; +5-Volt Devices 
Ta = 0 to +70°C; Vog = +5.0V £10% 
Parameter Symbol Min Typ Max 
Standby current loce 2.0 

300 
Input leakage current hy —10 10 
Output leakage current low —10 10 
Output voltage, low VoL 0.4 
Output voltage, high Vou 2.4 


42S4440/L 


Parameter Symbol Max Unit Pins Under Test 
Input capacitance Cy 5 pF Addresses ~ 
Cio 7 pF CAS, - CAS,, WE, 
OE, RAS 
Input/output Co 7 pF Oy - Og 
capacitance 
+3.3-Volt Devices 

Max Min Typ Max Unit 
Veco + 1.0 2.0 Veco +03 Vv 

08 -0.5 0.8 V 

5.5 3.0 3.3 3.6 V 

+70 0 +70 °C 

Conditions 


VO pins: Viy = Voo- 0.2 V; Vy s 0.2 V or open. 
Other input pins: Vin = Voc -0.2V; Vit s 0.2V 


or open. tras 2 100 ps 





Unit Test Conditions 
mA RAS = CAS = Vjxq (min); lo = OmA 
HA RAS = CAS = Vog- 0.2 V; lo = OMA 
LA Vin = 0 V to Vco; all other pins not under test = OV 
uA Dour disabled; Vout = OV toVoc 
lo. = 42mA 
V lon = -5 mA 


uMPD424440/L, 42S4440/L 


DC Characteristics; +3.3-Volt Devices 
Ta = Oto +70°C; Voc = +3.3V +0.3V 


Min 


-5 


Unit 
HA 
LA 


Test Conditions 
RAS = CAS 2 Viy (min); lo = OMA 
RAS = CAS 2 Voc - 0.2 V; lo = OMA 


NEC 


Vin = 0 V to Voc; all other pins not under test = OV 


Parameter Symbol 
Standby current lece 
Input leakage current it) 
Output leakage current low 
Output voltage, low VoL 
Output voltage, high Vou 


AC Characteristics 
Ta = 0 to +70°C 


2.4 


Voc = +5.0V +10% or +3.3V +0.3V 


Parameter 


Operating current, average 


Operating current, RAS-only 
refresh cycle, average 


Operating current, fast-page 
cycle, average 


Operating current, CAS before 
RAS refresh cycle, average 


Access time from column 
address 


Access time from CAS 
precharge (rising edge) 


Column address setup time 
Row address setup time 


Column address to WE delay 
time 


Access time from CAS (falling 
edge) 


Column address hold time 


Symbol 

loc (+5) 
Ioe1 (+38.3) 
locs (+5) 


locg (+3.3) 
loca (+5) 
loeg (+3.3) 
locs (+5) 
loos (+3.3) 


tAa 
tacp 


tasc 
tasr 
tawp 


toac 


tcaH 


HA 


55 


Dour disabled; Vout = OV to Veco 


Unit 
mA 


mA 


mA 


mA 


ns 


ns 


ns 
ns 


ns 


ns 


ns 


ns 


Test Conditions 
RAS, CAS cycling; tag = 
tro min (Note 3) 


RAS cycling; CAS 2 Vin 
min; tac = taco min 
(Note 3) 

RAS < Vj; CAS cycling; 


tpc = tpo min 
(Note 3) 


RAS cycling; CAS < Vi, 
max; tac = taco min 
(Note 3) 


(Notes 4, 5, 7) 


(Notes 4, 5, 7) 


(Notes 4, 5, 7) 


Delay time, column address to 


CAS high 
CAS pulse width 


CAS hold time for CAS before 
RAS refreshing 


CAS hold time (CBR self-refresh 
mode) 


Hold time, CAS low to CAS high 
CAS to output in low-Z 
Fast-page CAS precharge time 
CAS precharge time 


toaL 


toas 
tcHR 


tcHs 


tcLCH 
toLz 
top 
topn 


Typ Max 
500 
100 
5 
5 
0.4 
~60 
Min Max 
90 
80 
90 
80 
80 
70 
90 
80 
30 
35 
50 
15 
15 
30 
15 10,000 
15 
-~35 
5 
10 
10 


10 
10 


lol =2.0 mA 
lou = -2.0mA 
-70 -80 

Max Min Max 
80 70 
70 60 
80 70 
70 60 
70 60 
60 50 
80 70 
70 60 
35 40 
40 45 

0 

0 

65 
20 20 

15 

40 

10,000 20 10,000 

15 

-50 

12 

10 


ns 


ns 


ns 


ns 


ns 


as 


ns 


Self-refresh devices 
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AC Characteristics (cont) 


Parameter Symbol 


Fast-page CAS precharge to WE — topwo 
delay time 





CAS to RAS precharge time torp 
CAS hold time tosy 





CAS setup time for CAS before tosr 
RAS refresh cycle 


CAS to WE delay towp 
Write command referenced to tow. 
CAS lead time 

Data-in hold time tpH 
Data-in setup time tos 
Masked write hold time tmRH 
referenced to RAS 

Access time from OE toEA 
OE data delay time toeD 
OE command hold time toEH 
OE to RAS inactive setup time tors 
Output turnoff delay from OE toez 
Output disable from CAS high torr 
OE to output in low-Z toLz 
Fast-page read or write cycle tpc 
time 

Fast-page read-modify-write tpawc 
cycle time with exended data 

output 

Access time from RAS trac 
RAS to column address delay tRaD 
time 

Row address hold time tRAH 
Column address lead time tRAL 
referenced to RAS (rising edge) 

RAS pulse width tras 
Fast-page RAS pulse width trasp 
RAS pulse width (CBR self- trass 
refresh mode) 

Random read or write cycle trac 
time 

RAS to CAS delay time tacp 
Read command hold time tRCH 
referenced to CAS 

Read command setup time tacos 
Refresh period tReF 


Min 


55 


10 
60 


40 
15 


15 


15 


10 
30 


60 
60 
100 


120 


20 


Max 


20 


15 
15 


60 
30 


10,000 
125,000 


40 


16 
128 


Min 
60 


10 
70 


40 
15 


15 


15 


10 
35 


70 
70 
100 


130 


Max 


20 


15 
15 


70 
35 


10,000 
125,000 


50 


16 
128 


Min 
75 


10 
80 


45 
15 


15 


15 


10 
40 


80 
80 
100 


150 


20 
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-80 
Max 


20 


15 
20 


80 
40 


10,000 
125,000 


60 


16 
128 


Unit 


ns 


ns 
ns 


ns 


ns 


ns 


ns 
ns 


ns 


ns 
ns 
ns 
ns 
ns 
ns 
ns 


ns 


ns 


ns 


ns 


ns 


ns 


ns 
ns 


Ls 


ns 


ns 


ns 


ns 
ms 


ms 


Test Conditions 


(Notes 4, 5, 7) 


(Note 8) 
(Note 8) 
(Note 5) 
(Note 6) 


(Note 6) 


(Notes 4, 5, 7) 
(Note 7) 


Self-refresh devices 


(Note 6) 


(Note 7) 


Addresses Ao - Ag 


Self-refresh devices 
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AC Characteristics (cont) 


-60 
Parameter Symbol Min Max 
RAS hold time referenced to tRHoP 35 
CAS precharge 
RAS precharge time trp 50 
RAS precharge CAS hold time tapc 0 
RAS precharge time (CBR self-- — traps 120 
refresh mode) 
Read command hold time tRAH 0 
referenced to RAS 
RAS hold time tasH 15 
Read-modify-write cycle time trawe 165 
RAS to WE delay trwp 80 
Write command referenced to tawL 20 
RAS lead time 
Rise and fall times tr 3 50 
Write command hold time twou 15 
Write command setup time twos 0 
Write command pulse width twp 15 


Notes: 
(1) All voltages are referenced to GND. 


(2) An initial pause of 100 ys is required after power-up, followed by 
any eight RAS cycles, before proper device operation is 
achieved. 


(3) Ioc41: loos: loca, and legs depend on output loading and cycle 
rates. Specified values are obtained with the output open. Iocg 
is measured assuming that all column address inputs are held at 
either a high level or a low level during RAS-only refresh cycles. 
Ioc4 is measured assuming that all column address inputs are 
switched only once during each fast-page cycle. 


(4) Ac measurements assume ty = 5ns. 


(5) Vin (min) and Vi_ (max) are reference levels for measuring the 
timing of input signals. Transition times are measured between 
Vin and Vit. 


(6) The minimum specifications are used only to indicate the cycle 
time at which proper operation over the full temperature range 
(Ta = O to + 70°C) is assured. 


NEC 


-70 -80 

Min Max Min Max Unit Test Conditions 
40 45 ns 

50 60 ns 

0 0 ns 

130 150 ns Self-refresh devices 

(6) 0 ns 

20 25 ns 

175 200 ns (Note 6) 

90 105 ns 

20 20 ns 

3 50 3 50 ns 

15 15 ns 

(0) 0 ns 

15 15 ns 


(7) Iftrop = tacp (max) and trap = trap (max), access time is 
defined by trac (max). If tacp 2 tacp (max), access time is 
defined by tcoac (max); if trap 2 trap (max) access time is 
defined by taa (max). 


(8) torr (max) defines the time at which the outputs become 
open-circuit and are not referenced to Voy or Vo. 


(9) Either tary or tacy must be satisfied for a read cycle. 


(10) Parameter twp is applicable for late-write or read-modify-write 
cycles. In early-write cycles, twoy (min) should be satisfied. 


(11) These parameters are referenced to the leading edge of one of 
the CAS signals in early write cycles and to the leading edge of 
WE in late write or read-modify-write cycles. 


(12) These parameters are the conditions defining read-modify-write 
cycles, 


(13) Load = 2 TTI (-1 mA, +4 mA) loads and 100 pF. For 3.3-volt 
devices, Voy = 2.0 V and Vo, = 0.8 V (ac reference levels). _ 
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Timing Waveforms 


Read Cycle 
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Timing Waveforms (cont) 


Early Write Cycle 
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Timing Waveforms (cont) 


Late Write Cycle 
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Timing Waveforms (cont) 


Read-Write/Read-Modify-Write Cycle 
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Timing Waveforms (cont) 


Fast-Page Read Cycle 


CAS2 


CAS3 
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Timing Waveforms (cont) 


Fast-Page Early Write Cycle 


Note: OE: Don't Care 
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Timing Waveforms (cont) 


Fast-Page Read-Write/Read-Modify-Write Cycle 
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Timing Waveforms (cont) 


Hidden Refresh Cycle 
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Timing Waveforms (cont) 


RAS-Only Refresh Cycle 


KXKKKEKKKKERKERR ERE KEKE RRR REE RK 
CMAN NOnniin 


AALS 


Note: WE, OE: Don't care 
Any CASy may be used 





CAS Before RAS Refresh Cycle 
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Timing Waveforms (cont) 


CBR Selt-Refresh Cycle 
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512K x 8/9 
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Section 6 
4M DRAMs (512K x 8/9) 
pPD Organization Features 
424800A 512Kx8 Fast-page 6a 
424800L 512Kx8 Fast-page; 3.3-volt 
42S4800A 512K x 8 Fast-page; self- 
refresh 
42S4800L 512Kx8 Fast-page; self- 
refresh; 3.3-volt 
424810A 3=512Kx 8 Fast-page; write- 6b 
per-bit 
424810L 512K x 8 Fast-page; write- 
per-bit; 3.3-volt 
4284810A 512Kx 8 Fast-page; write- 
per-bit; self-refresh 
42S4810L 512Kx 8 Fast-page; write- 
per-bit; self-refresh; 
3.3-volt 
424900A 512Kx9 Fast-page 6c 
424900L 512Kx9 Fast-page; 3.3-volt 
42S4900A 512Kx9 Fast-page; self- 
refresh 
42S4900L 512Kx9 Fast-page; self- 


refresh; 3.3-volt 





NEC 


NEC Electronics Inc. 


Description 


The uPD424800A/L and uPD42S4800A/L are fast-page 
dynamic RAMs organized as 524,288 words by 8 bits 
and designed to operate from a single power supply. 


Optional features are power supply voltage (+5 V or 
+3.3 V) and a new refresh mode called “self-refresh.” 


UPD Options 

424800A +5V 

424800L +3.3 V 

42S4800A +5 V; self-refresh mode 
42S4800L. +3.3 V; self-refresh mode 


Advanced polycide technology using stacked capaci- 
tors minimizes silicon area and provides high storage 
cell capacity, high performance, and high reliability. A 
single-transistor dynamic storage cell and CMOS cir- 
Cuitry throughout ensure minimum power dissipation, 
while an on-chip circuit internally generates the 
negative-voltage substrate bias—automatically and 
transparently. 


The three-state I/O pins are controlled by CAS indepen- 
dent of RAS. After a valid read or read-modify-write 
cycle, data is held on the outputs by maintaining CAS 
low. Data outputs return to high impedance when CAS 
goes high. Fast-page read and write cycles can be 
executed by cycling CAS. 


Refreshing may be accomplished by a CAS before RAS 
refresh cycle (CBR) that internally generates the re- 
fresh address. RAS-only refresh cycles will also refresh 
all memory locations. 


The self-refresh mode is entered by holding RAS low for 
longer than 100 us during a CBR cycle. Detection of this 
long RAS time starts an internal oscillator that main- 
tains data integrity without external clocking. The slow 
refresh reduces the data hold current to less than 200 
microamperes. Self-refresh mode is used with micro- 
processors that have a “sleep mode” for low-power 
applications such as notebook PCs. 


Features 


QO 524,288 by 8-bit organization 

Q Single power supply (+5-volt or +3.3-volt) 
Self-refresh option (slow internal automatic refresh) 
Fast-page option 

Low power dissipation 

CAS before RAS refreshing 


baoadodo 


60127-2 





uUPD424800A/L, 42S4800A/L 
524,288 x 8-Bit 
Dynamic CMOS RAM 


QO On-chip substrate bias generator 
TTL-compatible inputs and outputs 
Nonlatched, three-state outputs 

Low input capacitance 

Multiplexed row and column addresses 

1024 refresh cycles every 16 ms 

28-pin SOJ, ZIP, and TSOP plastic packaging 


ood 


oo0 


Pin Configurations 


28-Pin Plastic SOJ 


pPD424800A/L, 42S4800A/L 
Saree 
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Pin Configurations (cont) 


28-Pin Plastic ZIP 


uPD424800A/L, 42S4800A/L 


OE 1 fet. 
VOs fc 


28-Pin Plastic TSOP (Normal Pinouts) 


pPD424800A/L, 42S4800A/L. 


Suffix ~7JD In the package identifier 
denotes normal pinout sequence. 








NEC 


28-Pin Plastic TSOP (Reverse Pinouts) 


uPD424800A/L, 42S4800A/L. 
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2 
3 
4 
5 
8 
7 
8 
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Suffix ~7KD In the package Identifier 


denotes reverse pinout sequence. 
83FM-8617A 


Pin Identification 





Name Function 

Ao - Ag Address inputs 

VO - VOg Data inputs and outputs 

CAS Column address strobe 

OE Output enable 

RAS Row address strobe 

WE Write enable 

GND Ground 

Voc + 5-volt or + 3.3-volt power supply 
NC No connection 
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Ordering Information, »PD424800A (+ 5-volt power) 


RAS Access Fast-Page Cycle CAS Access 

Part Number Time (max) Time (max) Time (max) Package 

uUPD424800ALE-60 60 ns 40 ns 20 ns 28-pin plastic SOJ 
LE-70 70 ns 45 ns 
LE-80 80 ns 50 ns 

UPD424800AV-60 60 ns 40 ns 20 ns 28-pin plastic ZIP 
V-70 70 ns 45 ns 
V-80 80 ns 50 ns 

uUPD424800AG5-60 60 ns 40 ns 20 ns 28-pin plastic TSOP 
G5-70 70 ns 45 ns (normal pinouts) 
G5-80 80 ns 50 ns 

uUPD424800AG5M-60 60 ns 40 ns 20 ns 28-pin plastic TSOP 
G5M-70 70 ns 45 ns (reverse pinouts) 
G5M-80 80 ns 50 ns 


Ordering Information, »PD424800L (+ 3.3-volt power) 





RAS Access Fast-Page Cycle CAS Access 

Part Number Time (max) Time (max) Time (max) Package 

uUPD424800LLE-A60 60 ns 40 ns 20 ns 28-pin plastic SOJ 
LE-A70 70 ns 45 ns 
LE-A80 80 ns 50 ns 

uUPD424800LV-A60 60 ns 40 ns 20 ns 28-pin plastic ZIP 
V-A70 70 ns 45 ns 
V-A80 80 ns 50 ns 

UPD424800LG5-A60 60 ns 40 ns 20 ns 28-pin plastic TSOP 
G5-A70 70 ns 45 ns ropmel-pingdss) 
G5-A80 80 ns 50 ns 

UPD424800LG5M-A60 60 ns 40 ns 20 ns 28-pin plastic TSOP 6a | 
G5M-A70 70 ns 45 ns (reverserplnoure) 
G5M-A80 80 ns 50 ns 


uPD424800A/L, 42S4800A/L 


Ordering Information, zPD42S4800A (+ 5-volt power; self-refresh mode) 


NEC 





RAS Access Fast-Page Cycle CAS Access Self-Refresh 

Part Number Time (max) Time (max) Time (max) Current (max) Package 

UPD42S4800ALE-60 60 ns 40 ns 20 ns 300 WA 28-pin plastic SOU 
LE-70 70 ns 45 ns 
LE-80 80 ns 50 ns 

LUPD42S4800AV-60 60 ns 40 ns 20 ns 300 pA 28-pin plastic ZIP 
V-70 70 ns 45 ns 
V-80 80 ns 50 ns 

uUPD42S4800AG5-60 60 ns 40 ns 20 ns 300 pA 28-pin plastic TSOP 
@5-70 70 ns 45 ns (normal pinouts) 
G5-80 80 ns 50 ns 

UPD42S4800AG5M-60 60 ns 40 ns 20 ns 300 pA 28-pin plastic TSOP 
G5M-70 70 ns 45 ns (reverse pinouts) 
G5M-80 80 ns 50 ns 


Ordering Information, »PD42S4800L (+ 3.3-volt power; self-refresh mode) 


Part Number 
UPD42S4800LLE-A60 
LE-A70 
LE-A80 
UPD42S4800LV-A60 
V-A70 
V-A80 
uPD42S4800LG5-A60 
G5-A70 
G5-A80 
UPD42S4800LG5M-A60 
G5M-A70 
G5M-A80 


RAS Access 
Time (max) 


60 ns 
70 ns 
80 ns 
60 ns 
70 ns 
80 ns 
60 ns 
70 ns 
80 ns 
60 ns 
70 ns 
80 ns 


Fast-Page Cycle 
Time (max) 


40 ns 
45 ns 
50 ns 
40 ns 
45 ns 
50 ns 
40 ns 
45 ns 
50 ns 
40 ns 
45 ns 
50 ns 


CAS Access 
Time (max) 


20 ns 


20 ns 


20 ns 


20 ns 


Self-Refresh 
Current (max) 


100 pA 


100 pA 


100 pA 


100 pA 


Package 
28-pin plastic SOJ 


28-pin plastic ZIP 


28-pin plastic TSOP 
(normal pinouts) 


28-pin plastic TSOP 
(reverse pinouts) 





pay 
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Block Diagram 





eoee#e2e#ee%F#se®e 
Multiplexer 
Address Buffer 
Row Decoder 














Truth Table - 

Function RAS CAS WE OE 7/0, -1/Og 

Standby H X X X High-Z 

Refresh cyle L H X Xx High-Z 

Read cycle L L H L Data output 

Write cycle L L L H Data input 
L L H H 


High-z 





X = don't care. 
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Absolute Maximum Ratings Capacitance 
Voltage on any pin relative to GND Vere te UM nn 

5-volt devices ~1.0 to +7.0V Parameter Symbol Max Unit . Pins Under Test 
a ac ee ee Input capacitance Cy 5 pF = Addresses 
Operating temperature, Topp 0 to +70°C Cp 7 pF CAS , WE, 
Storage temperature, Tgt¢ —55 to + 125°C 7 OE, RAS 
Short-circuit output current, log Input/output Co 7 pF WO, - VOg 

5-volt devices 50 mA capacitance 

3.3-volt devices 20 mA 
Power dissipation, Pp 1.0W 
Exposure to Absolute Maximum Ratings for extended periods may 
affect device reliability; exceeding the ratings could cause perma- 
nent damage. The device should be operated within the limits 
specified under DC and AC Characteristics. 
Recommended Operating Conditions 

5-Volt Devices 3.3-Volt Devices 
Parameter Symbol Min Typ Max Min Typ Max Unit 
Input voltage, high Vin 2.4 Voc + 1.0 2.0 Voc +0.3 V 
Input voltage, low ViL -1.0 0.8 ~0.5 0.8 V 
Supply voltage Voc 4.5 5.0 5.5 3.0 3.3 3.6 V 
Ambient temperature Ta 0 +70 0 +70 °C 
Self-Refresh Current 
Ta = Ota +70°C; Voog = +5 V +10% (42S4800A) or +3.3 V +0.3 V (42S4800L) 
Symbol 42S4800A 42S4800L Conditions 
loc7 300 yA max 100 vA max VO pins: Vip = Voo- 0.2 V; Vy_ = 0.2 V or open. 
Other input pins: Vi = Voc -0.2V; Vi_ s 0.2 V 
or open. tras 2 100 ps 
- DC Characteristics; 5-Volt Devices 
Ta = Oto + 70°C; Voc = +5.0 V £10% 
Parameter Symbol Min Typ Max Unit Test Conditions 
Standby current loce 2.0 mA RAS = CAS = Vjxq (min); lo = OMA 
300 A RAS = CAS 2 Voo-0.2V; lo = OMA 

Input leakage current I) -10 10 HA Vin = 0 V to Voc; all other pins not under test = OV 
Output leakage current low -10 10 yA Dout disabled; Vouy = OV toVoc 
Output voltage, low VoL 0.4 V lol = 4.2mA 
Output voltage, high Vou 2.4 lon = -5 mA 
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DC Characteristics; 3.3-Volt Devices 
Ta = 0 to + 70°C; Vog = +3.3V +03 V 











Parameter Symbol Min Typ Max Unit Test Conditions 
Standby current lece 500 A RAS = CAS & Vix (min); lo = OMA 
100 pA RAS = CAS = Voc - 0.2 V; lo = OMA 

Input leakage current uh) -5 5 HA Vin = OV to Voo; all other pins not under test = OV 
Output leakage current low -5 5 HA Dout disabled; Voyt = 0V to Voc 
Output voltage, low VoL 0.4 V lot =2.0 mA 
Output voltage, high Vou 2.4 V low = —2.0 mA 
AC Characteristics 
Ta = 0 to +70°C 
UPD424800A, 42S4800A: Voc = +5.0 V +10% 
MPD424800L, 42S4800L: Veco = +3.3V +0.3V 

-60 -70 -80 
Parameter Symbol Min Max Min Max Min Max Unit Test Conditions 
Operating current, loc, (+5) 100 90 80 mA RAS, CAS cycling; tag = 
average loot (+3.3) 100 80 70 tric min (Note 5) 
Operating current, loog (+5) 100 90 80 mA RAS cycling; CAS = Vin 
RAS- only refresh eee oo min; tac = tac min 
cycle, average log (+ 3.3) 100 80 70 (Note 5) 
Operating current, loca (+5) 80 70 60 mA RAS < Vi,; CAS cycling; 
fast-page cycle, i tpo = tpc min 
average loca (+ 3.3) 80 70 60 (Note 5) 
Operating current, loos: (+5) 100 90 80 mA RAS cycling; CAS < Vi. 
CAS before RAS max; tro = tac min 
refresh cycle, loos (+3.3) 100 80 70 (Note 5) 
average 
Access time from taa 30 35 40 ns (Notes 3, 4, 7, 8) 
column address 
Access time from tacp 35 40 45 ns (Notes 3, 4, 7, 8) 
CAS precharge 6a | 
(rising edge) 
Column address tasc 0 0 0 ns 
setup time 
Row address setup tasR 0 0 0 ns 
time 
Column address to tawp 50 55 70 ns (Note 14) 
WE delay time 
Access time from toac 20 20 20 ns (Notes 3, 4, 7, 8) 
CAS (falling edge) 
Column address toaH 15 15 15 ns 
hold time 
CAS pulse width tcas 20 10,000 20 10,000 20 10,000 ~ ns 
CAS hold time for tour 15 15 15 ns (Note 15) 
CAS before RAS 
refreshing 
CAS hold time tcHs -35 -40 -50 ns For 42S4800A/L only 
(CBR self-refresh 
mode) 
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AC Characteristics (cont) 











-60 -70 -80 
Parameter Symbol Min Max Min Max = Min Max Unit Test Conditions 
CAS to output in teLz 0 . 0 0 ns (Notes 4, 7) 
low-Z 
Fast-page CAS tep 10 10; 10 ns 
precharge time . 
CAS precharge topn 10 10 10 ns 
time 
Fast-page CAS _ tcpwp 55 60 75 ns (Note 14) 
precharge to WE 
delay time 
CAS to RAS torp 10 10 10 ns (Note 10) 
precharge time 
CAS hold time tosu 60 70 80 ns 
CAS setup time for tcosr 5 5 5 ns (Note 15) 
CAS before RAS 
refresh cycle . 
CAS to WE delay towp 40 40 50 ns (Note 14) 
Write command towL 15 15 15 ns 
referenced to CAS 
lead time 
Data-in hold time ton 15 15 15 ns (Note 13) 
Data-in setup time tos 0 0 0 ns (Note 13) 
Access time from toEA 20 20 20 ns (Notes 3, 4, 7, 8) 
OE 
OE data delay time toeD 15 15 15 ns 
OE command hold toEH 9) 0 0 ns 
time 
OE to RAS inactive toes f°) 0 0) ns 
setup time j 
Output turnoff toEz 0 15 i?) 15 0 15 ns (Note 9) 
delay from OE 
Output disable torr 0 15 0) 15 0 20 ns “(Note 9) 
from CAS high 
OE to output in toLz ) 0 0 ns _ (Notes 5, 7) 
low-Z 
Fast-page read or tpo 40 45 50 ns (Note 6) 
write cycle time 
Fast-page read- tprawc 85 90 100 ns (Note 6) 
modify-write cycle 
time with exended 
data output 
Access time from trac © 60 70 80 ns (Notes 3, 4, 7, 8) 
RAS 


ee) 
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AC Characteristics (cont) 














-60 -70 -80 
Parameter Symbol Min Max Min Max Min Max Unit Test Conditions 
RAS to column trap 15 30 15 35 15 40 ns (Note 8) 
address delay time 
Row address hold tRAH 10 10 10 ns 
time 
Column address tRAL 30 35 40 ns 
lead time 
referenced to RAS 
(rising edge) 
RAS pulse width tras 60 10,000 70 10,000 80 10,000 ns 
Fast-page RAS trRasp 60 125,000 70 125,000 80 125,000 ns 
pulse width 
RAS pulse width trass 100 100 100 ys For 42S4800A/L 
(CBR self-refresh 
mode) 
Random read or tre 120 130 ‘ 150 ns (Note 6) 
write cycle time 
RAS to CAS delay trop 20 40 20 50 20 60 ns (Note 8) 
time 
Read command trou 0 0 0 ns (Note 11) 
hold time 
referenced to CAS 
Read command tres 0 fe) ) ns 
setup time 
Refresh period tReF 16 16 16 ms Addresses Ag - Ag 
RAS hold time tRHop 35 40 45 ns 
referenced to CAS 
precharge 
RAS precharge trp 50 50 60 ns 
time 
RAS precharge trpc 0 fe) 0 ns 
CAS hold time 
RAS precharge taps 120 130 150 ns For 42S4800A/L 
time (CBR self- 
refresh mode) 
Read command trRH 0 ¢) 0 ns (Note 11) 
hold time 
referenced to RAS 
RAS hold time trsH 20 20 25 ns 
Read-modify-write tawe 165 175 200 ns (Note 6) 
cycle time 
RAS to WE delay trwo 80 90 105 ns (Note 14) 
Write command tawL 20 20 20 ns 
referenced to RAS 
lead time 
Rise and fall times ty 3 50 3 50 3 50 ns (Note 4) 
Write command tweoH 15 15 15 ns (Note 12) 
hold time 
Write command twos 0 0 0 ns (Note 14) 
setup time 


© 
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NEC 


AC Characteristics (cont) 


-80 
Max Min Max Unit 
15 ns 


Test Conditions 
(Note 12) 


pulse width 


-60 
Parameter Symbol Min Max Min 
Write command twp 15 15 
Notes: 


(1) All voltages are referenced to GND. 


(2) An initial pause of 100 ys is required after power-up, followed by 
any eight RAS cycles, before proper device operation is 
achieved. 


(8) Ac measurements assume ty = 5 ns. 


(4) Vin (min) and Vi, (max) are reference levels for measuring the 
timing of input signals. Transition times are measured between 
Vin and Vi. 


(5) lect, lees, loca, and locos depend on output loading and cycle 
tates. Specified values are obtained with the output open. locg3 
is measured assuming that all column address inputs are held at 
either a high level or a low level during RAS-only refresh cycles. 
loc, is measured assuming that all column address inputs are 
switched only once during each fast-page cycle. 


(6) The minimum specifications are used only to indicate the cycle 
time at which proper operation over the full temperature range 
(Ta = 0 to + 70°C) is assured. 


(7) Load = 2 TTL (+1 mA, +4 mA) loads and 100 pF. For 3.3-volt 
devices, Voy = 2.0V and Vo, = O.8V. 


(8) If tacp = tacp (max) and trap = trap (max), access time is 
defined by trac (max). 
If trop = tacp (max), access time is defined by toac (max). 
If trap = trap (max), access time is defined by ta, (max). 


(9) torr (max) and togz (max) define the time at which the outputs 
become open-circuit and are not referenced to Voy or VoL. 


(10) The tcrp requirement should be applicable for RAS/CAS cycles 
preceded by any cycle. 
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(11) Either tary or troy must be satisfied for a read cycle. 


(12) Parameter twp is applicable for a delayed write cycle such as a 
read-write/read-modify-write cycle. For early write cycles, both 
twos and twor must be met. 


(13) These parameters are referenced to the falling edge of one of the 
CAS signals for early write cycles and to the falling edge of WE 
for delayed write or read-modify-write cycles. 


(14) twos, tawp, tcwo, tcpwp and tawp are restrictive operating 
parameters in read-write/read-modify-write cycles only. If twos 
= twcs (min), the cycle is‘an early write cycle and the data i/O 
pins will remain open-circuit throughout the entire cycle. If towp 
= towp (min), tawp = tawp (min), and tawp = tawp (min), then 
the cycle is a read-write cycle and the data 1/O pins will contain 
data read from the selected cells. If neither of the above 
conditions is met, the condition of the data I/O pins (at access 
time and until CAS returns to Vj) is indeterminate. 


(15) Holding CAS low prior to RAS going negative will initiate a CAS 
before RAS refresh cycle (toga and toy, must be satisfied). 
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Timing Waveforms 


Read Cycle 


Input/Output 
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Timing Waveforms (cont) 


Early Write Cycle 
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[1] OE = don't care. 
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Timing Waveforms (cont) 


Late Write Cycle 
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Timing Waveforms (cont) 


Read-Write/Read-Modify-Write Cycle 


toEH 


toED 


tcac 
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Timing Waveforms (cont) 


Fast-Page Read Cycle 
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Timing Waveforms (cont) 


Fast-Page Early Write Cycle 


top. 
tRAD tasc 


‘AS tcaH tasc 


tasR ‘RAH 
taime RD om KN _IAXX 


Note: 
[1] OE = don't care. 
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Timing Waveforms (cont) 


Fast-Page Late Write Cycle 
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Timing Waveforms (cont) 


Fast-Page Read-Write/Read-Modify-Write Cycle 
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Timing Waveforms (cont) 
Hidden Refresh Cycle 


CAS Before RAS Cycle CAS Before RAS Cycle 
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Timing Waveforms (cont) 


RAS-Only Refresh Cycle 





tap 
tRPC 


AUN 


trap 


twar>| ftw | 
= Uf} AAO 


High Impedance 





Input/Output 


NV. E Cc yUPD424800A/L, 42S4800A/L 


Timing Waveforms (cont) 


CBR Self-Retresh Cycle 
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NEC 


NEC Electronics Inc. 


Description 


The uPD424810A/L and uPD42S4810A/L are fast-page 
dynamic RAMs with the write-per-bit option, organized 
as 524,288 words by 8 bits, and designed to operate 
from a single power supply. 


Optional features are power supply voltage (+5 V or 
+3.3 V) and a new refresh mode called “self-refresh.” 


uPD Options 

424810A +5V 

424810L +3.3 V 

42S4810A +5 V; self-refresh mode 
42S4810L +3.3 V; self-refresh mode 


Advanced polycide technology using stacked capaci- 
tors minimizes silicon area and provides high storage 
cell capacity, high performance, and high reliability. A 
single-transistor dynamic storage cell and CMOS cir- 
cuitry throughout ensure minimum power dissipation, 
while an on-chip circuit internally generates the 
negative-voltage substrate bias—automatically and 
transparently. 


The three-state I/O pins are controlled by CAS indepen- 
dent of RAS. After a valid read or read-modify-write 
cycle, data is held on the outputs by maintaining CAS 
low. Data outputs return to high impedance when CAS 
goes high. Fast-page read and write cycles can be 
executed by cycling CAS. 


Refreshing may be accomplished by a CAS before RAS 
refresh cycle (CBR) that internally generates the re- 
fresh address. RAS-only refresh cycles will also refresh 
all memory locations. 


The self-refresh mode is entered by holding RAS low for 
longer than 100 ys during a CBR cycle. Detection of this 
long RAS time starts an internal oscillator that main- 
tains data integrity without external clocking. The slow 
refresh reduces the data hold current to less than 200 
microamperes. Self-refresh mode is used with micro- 
processors that have a “sleep mode” for low-power 
applications such as notebook PCs. 


Features 


QO 524,288 by 8-bit organization 

QO Single power supply (+5-voit or +3.3-volt) 

QO Self-refresh option (slow internal automatic refresh) 
Q Fast-page option 


60184-1 
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524,288 x 8-Bit 
Dynamic CMOS RAM 


Oo 


Write-per-bit option; independent write control on 
eight I/O's 

Low power dissipation 

CAS before RAS refreshing 

On-chip substrate bias generator 
TTL-compatible inputs and outputs 
Nonlatched, three-state outputs 

Low input capacitance 

Multiplexed row and column addresses 

1024 refresh cycles every 16 ms 

28-pin SOJ, ZIP, and TSOP plastic packaging 


ooaogdUumuwcdwUvcanndmUmUuogOUMNnoUo on 


Pin Configurations 


28-Pin Plastic SOJ 
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Pin Configurations (cont) 


28-Pin Plastic ZIP 





uPD424810A/L, 4254810A4/L 
OF 1fE#., 


Suffix -7JD in the package identifier 
denotes normal pinout sequence. 











28-Pin Plastic TSOP (Reverse Pinouts) 
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Suffix—-7KD In the package Identifier 
‘ denotes reverse pinout sequence. 


Pin Identification 





Name Function 

Ao-Ap Address inputs 

VO, - VOg Data inputs and outputs 

CAS _ Column address strobe 

cE Output enable 

RAS Row address strobe 

WE Write enable 

GND Ground 

Voc +5-volt or +3.3-volt power supply 
NC No connection 
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Ordering Information, »PD424810A (+ 5-volt power) 





RAS Access Fast-Page Cycle CAS Access 

Part Number Time (max) Time (max) Time (max) Package 

UPD424810ALE-60__. 60 ns 40 ns 20 ns 28-pin plastic SOJ 
LE-70 70 ns 45 ns 
LE-80 80 ns 50 ns 

uUPD424810AV-60 60 ns 40 ns 20 ns 28-pin plastic ZIP 
V-70 70 ns 45 ns 
V-80 80 ns 50 ns 

UPD424810AG5-60 60 ns 40 ns 20 ns 28-pin plastic TSOP 
G5-70 70 ns ” 45 ns (normal pinouts) 
G5-80 80 ns 50 ns 

puPD424810AGSM-60 60 ns 40 ns _ 20ns 28-pin plastic TSOP 
G5M-70 = ~ 70 re Sos a 45 s <a —< (reverse pinouts) 
G5M-80 80 ns 50 ns 





Ordering Information, »PD424810L (+ 3.3-volt power) 


RAS Access Fast-Page Cycle CAS Access 

Part Number Time (max) : Time (max) Time (max) Package 

uPD424810LLE-A60 60 ns 40 ns 20 ns 28-pin plastic SOJ 
LE-A70 70 ns 45 ns 
LE-A80 80 ns 50 ns 

pPD424810LV-A60 60 ns 40 ns 20 ns 28-pin plastic ZIP 
V-A70 70 ns 45 ns 
V-A80 80 ns 50 ns 

UPD424810LG5-A60 60 ns 40 ns 20 ns 28-pin plastic TSOP 
G5-A70 ” 7 Dine a aaa ” 45 AS "Fe (normal pinouts) 
G5-A80 80 ns 50 ns 

UPD424810LG5M-A60 60 ns 40 ns 20 ns 28-pin plastic TSOP 
GSMA70..70ns.  45ns. A70 70 ns 45 ns . (reverse pinouts) 
G5M-A80 80 ns 50 ns 
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Ordering Information, »PD42S4810A (+ 5-volt power; self-refresh mode) 


Part Number 

uUPD42S4810ALE-60 
LE-70 
LE-80 


RAS Access 
Time (max) 


60 ns 
70 ns 
80 ns 


Fast-Page Cycle 
Time (max) 


40 ns 
45 ns 
50 ns 


CAS Access 
Time (max) 


20 ns 


Self-Refresh 
Current (max) 


300 pA 


300 pA 


Package 
28-pin plastic SOJ 


MPD42S4810AV-60 


V-70 
V-80 


60 ns 
70 ns 
80 ns 


40 ns 
45 ns 
50 ns 


20 ns 


28-pin. plastic ZIP 


UPD42S4810AG5-60 


G5-70 
G5-80 


60 ns 
70 ns 
80 ns 


40 ns 
45 ns 
50 ns 


20 ns 


300 pA 


28-pin plastic TSOP 
(normal pinouts) 


UPD42S4810AG5M-60 


G5M-70 
G5M-80 


60 ns 
70 ns 
80 ns 


40 ns 
45 ns 
50 ns 


20 ns 


300 yA 


Ordering Information, »PD42S4810L (+ 3.3-volt power; self-refresh mode) 


Part Number . 
uPD42S4810LLE-A60 
LE-A70 
LE-A80 
UPD42S4810LV-A60 
V-A70 
V-A80 
UPD42S4810LG5-A60 
G5-A70 
G5-A80 
UPD42S4810LG5M-A60 
G5M-A70 
G5M-A80 


RAS Access 
Time (max) 


60 ns 
70 ns 
80 ns 
60 ns 
70 ns 
80 ns 
60 ns 
70 ns 
80 ns 
60 ns 
70 ns 
80 ns 


Fast-Page Cycle 
Time (max) 


40 ns 
45 ns 
50 ns 
40 ns 
45 ns 
50 ns 
40 ns 
45 ns 
50 ns 
40 ns 
45 ns 
50 ns 


CAS Access 
Time (max) 


20 ns 


20 ns 


20 ns 


20 ns 


Self-Refresh 
Current (max) 


100 yA 


100 yA 


100 pA 


100 pA 


28-pin plastic TSOP 
(reverse pinouts) 


Package 
28-pin plastic SOJ 


28-pin plastic ZIP 


28-pin plastic TSOP 
(normal pinouts) 


28-pin plastic TSOP 
(reverse pinouts) 
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Block Diagram 


RAS Clock CAS Clock 

Generator Generator — 
WE Clock 
Generator 
OE Clock 
Generator 


Data VO Bus |__| 


ae 
Sense Amplifier 


Multiplexer 
Address Buffer 
Row Decoder 
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Truth Table 

Function RAS CAS WE OE 1/0, - 1/0 

Standby H xX X X High-Z 

Refresh cyle L H X X High-Z 

Read cycle L L H L Data output 

Write cycle L L L H Data input 
— L L H H High-Z 


X = don't care. 
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Write-Per-Bit Option 


The write-per-bit option may be used to allow a write 
cycle to change any number of bits in the 16-bit word. - 
The mask is loaded from the 1/O lines at the falling edge 
of RAS if WE = Vj. If the I/O line is high, then the 
corresponding bit will be written when the write cycle 
executes. If the I/O line is low, the bit does not change. _ 
A mask loaded during fast-page operation will remain 
set and active for each write cycle that executes while — 
RAS remains low. The mask may be changed only at 
the falling edge of RAS. 


Comparison of Write-Per-Bit Cycle Versus Standard 8-Bit Write Cycle 


AUN 
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Absolute Maximum Ratings Capacitance 


Voltage on any pin relative to GND Tye 20 Ge Me 


5-volt devices -1.0to+7.0V - Parameter Symbol Max Unit Pins Under Test 
oO ONE ONIOS  —  ee Inputcapacitance Cy 5 pF Addresses 
Operating temperature, Topr 0 to + 70°C Cp 7 pe CAS, WE, 
Storage temperature, Tgtg -55 to + 125°C OE, RAS 
Short-circuit output current, log Input/output Co 7 pF O04 - Og 

5-volt devices 50 mA capacitance 

3.3-volt devices 20 mA 


Power dissipation, Pp 1.0W 


Exposure to Absolute Maximum Ratings for extended periods may 
affect device reliability; exceeding the ratings could cause perma- 
nent damage. The device should be operated within the limits 
specified under DC and AC Characteristics. 


Recommended Operating Conditions 


§-Volt Devices 3.3-Volt Devices 
Parameter Symbol Min Typ ”séMnx_—™ Min Typ Max Unit 
Input voltage, high ViH 2.4 Voc + 1.0 2.0 Voc +03 V 
Input voltage, low Vit -1.0 0.8 -0.5 0.8 V 
Supply voltage Voc 45 5.0 5.5 3.0 3.3 3.6 V 


Ambient temperature Ta 0 +70 0- +70 °C 





Self-Refresh Current 
Ta = Oto +70°C; Veg = +5 V 10% (4284810A) or +3.3 V +0.3 V (42548101) 


Symbol 42S4810A 42S4810L. Conditions 


loc7 300 vA max 100 pA max VO pins: Vi = Vog—0.2V; Vip Ss 0.2 V or open. 
Other input pins: Viy = Voo-0.2V; Vit <= O.2V 
or open. tras = 100 us 





DC Characteristics; 5-Volt Devices 
Ta = Oto +70°C; Vog = +5.0 V +10% 








Parameter Symbol Min Typ Max Unit Test Conditions 
Standby current loce 2.0 mA RAS = CAS = Viyq (min); lo = OMA 
300 yA RAS = CAS = Voc - 0.2 V; lp = OMA 
Input leakage current I -10 10 HA Vin = 0 V to Vcc; all other pins not under test = OV 
Output leakage current low) ~  =40 10 PA Dout disabled; Voyr = 0V to Voc 
Output voltage, low VoL 0.4 V lo. = 4.2 mA 
Output voltage, high Vou 2.4 V lon = -S mA 


“ 
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DC Characteristics; 3.3-Volt Devices 
Ta = Oto + 70°C; Veg = +3.3V +03 V 




















Parameter Symbol Min Typ Max Unit Test Conditions 
Standby current loce 500 yA RAS = CAS = Vix (min); lo = OMA 
100 HA RAS = CAS = Voc —0.2V; lo = OMA 
Input leakage current hu ~5 5 HA Vin = 0 V to Voc; all other pins not under test = 0V 
Output leakage current low) -5 5 A Dout disabled; Voyt = OV to Voc 
Output voitage, low VoL 0.4 V lo, =2.0 mA 
Output voltage, high VouH 2.4 V lon = -2.0 mA 





AC Characteristics 

Ta = Oto +70°C 

HPD424810A, 42S4810A: Vog = +5.0V +10% 
MPD424810L, 4284810L: Vog = +3.3V 0.3 V 











-60 -70 -80 
Parameter Symbol Min Max Min Max Min Max Unit Test Conditions 
Operating current, loci (+5) 100 90 80 mA RAS, CAS cycling; tag = 
average loot (+3.3) 100 80 70 tro min (Note 5) 
Operating current, locg (+5) 100 90 80 mA RAS cycling; CAS = Vin 
RAS- only refresh aS SESS min; tag = taco min 
cycle, average loca (+ 3.3) 100 80 70 (Note 5) 
Operating current, loca (+5) 80 70 60 mA RAS <= Vi; CAS cycling; 
fast-page cycle, CO OO —nvwh020 0 :0wWl_0Aee tpc = tpo min 
average loca (+ 3.3) 80 70 60 (Note 5) 
Operating current, loos (+5) 100 90 80 mA RAS cycling; CAS = Vi. 
CAS before RAS max; tac = tac min 
refresh cycle, loos (+3.3) 400 80 70 (Note 5) 
average 
Access time from taa 30 35 40 ns (Notes 3, 4, 7, 8) 
column address 
Access time from tacp 35 40 45 ns (Notes 3, 4, 7, 8) 
CAS precharge 
(rising edge) 
Column address tasc 0 0 0 ns 
setup time 
Row address setup tase 0 ie] 0 ns 
time 
Column address to tawp 50 55 70 ns (Note 14) 
WE delay time 
Access time from toac 20 20 20 ns (Notes 3, 4, 7, 8) 
CAS (falling edge) 
Column address toaH 15 15 15 ns 
hold time 
CAS pulse width tcas 20 10,000 20 10,000 20 10,000 ns 
CAS hold time for tour 15 15 15 ns (Note 15) 
CAS before RAS 
refreshing 
CAS hold time tous -35 -40 ~50 ns For 42S4810A/L only 
(CBR self-refresh 
mode) 
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AC Characteristics (cont) 





Parameter 


CAS to output in 
low-Z 

Fast-page CAS 
precharge time 
CAS precharge 
time 

Fast-page CAS _ 
precharge to WE 
delay time 


CAS to RAS 
precharge time 


CAS hold time 


CAS setup time for 
CAS before RAS 
refresh cycle 


CAS to WE delay 


Write command 
referenced to CAS 
lead time 


Data-in hold time 
Data-in setup time 


Access time from 
OE 


OE data delay time 
OE command hold 
time 

OE to RAS inactive 
setup time 


Output turnoff 
delay from OE 


Output disable 
from CAS high 


OE to output in 
low-Z 


Fast-page read or 
write cycle time 


Fast-page read- 
modify-write cycle 
time with exended 
data output 


Access time from 
RAS 

RAS to column 
address delay time 


Row address hold 
time 


Symbol 


teLz 


top 


topn 


tcpwo 


torp 
tosu 


tesr 


towp 
tow 


tox 


toEA 


toeD 
toEH 


toes 


toEz 


torr 


toLz 


tee 


tprawe 


trac 


tRaD 


tRAH 


15 


15 


15 


10 


15 


100 


15 


Max 


Unit 


ns 


Test Conditions 
(Notes 4, 7) 


(Note 14) 


(Note 10) 


(Note 15) 


(Note 14) 


(Note 13) 
(Note 13) 
(Notes 3, 4, 7, 8) 


(Note 9) 


(Note 9) 





(Notes 5, 7) 


(Note 6) 


(Note 6) 


(Notes 3, 4, 7, 8) 


(Note 8) 
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AC Characteristics (cont) 











-60 -70 -80 
Parameter Symbol Min Max Min Max Min Max Unit Test Conditions 
Column address trac 30 35 40 ns 
lead time 
referenced to RAS 
(rising edge) 
RAS pulse width tras 60 10,000 70 10,000 80 10,000 ns 
Fast-page RAS trasp 60 125,000 70 125,000 80 125,000 ns 
pulse width 
RAS pulse width trass 100 100 100 Us For 42S4810A/L . 
(CBR self-refresh 
mode) 
Random read or trac 120 130 150 ns (Note 6) 
write cycle time 
RAS to CAS delay trop 20 40 20 50 20 60 ns (Note 8) 
time 
Read command trou 0 0 0 ns (Note 11) 
hold time 
referenced to CAS 
Read command trcs 0 . 0 0 ns 
setup time 
Refresh period trer 16 16 16 ms Addresses Ag - Ag 
RAS hold time tRHcop 35 40 45 ns 
referenced to CAS 
precharge 
RAS precharge tap 50 50 60 ns 
time 
RAS precharge treo 0 0 0 ns 
CAS hold time 
RAS precharge taps 120 130 150 ns For 42S4810A/L 
time (CBR self- 
refresh mode) 
Read command tRRH 0 0 0) ns (Note 11) 
hold time 
referenced to RAS 
RAS hold time trsH 20 20 25 ns 
Read-modify-write trwe 165 175 200 ns (Note 6) 
cycle time 
RAS to WE delay tawp 80 90 105 ns (Note 14) 
Write command ~ tRWL 20 20 20 ns 
referenced to RAS 
lead time 
Rise and fall times ty 3 50 3 50 3 50 ns (Note 4) 
Write-per-bit mode tweH 10 10 10 ns 
hold time 
Write-per-bit setup twes fe) 0 0 ns 
time 
Write command twou 15 15 15 ns —_—_ (Note 12) 
hold time ; ‘ 
Write command twes 0 0 0 ns (Note 14) 
setup time 
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AC Characteristics (cont) 


-60 
Parameter Symbol Min Max Min 
Write-per-bit mask twH 10 10 
data hold time 
Write command twp 15 15 
pulse width 
Write-per-bit mask tws 0 0 


data setup time 


Max 
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-80 
Min Max Unit Test Conditions 
10 ns 
15 ns (Note 12) 
0 ns 





Notes: 


(1) 
(2) 


(3) 
(4) 


(5) 


(6) 


(8) 


(9) 


All voltages are referenced to GND. 


An initial pause of 100 ps is required after power-up, followed by 
any eight RAS cycles, before proper device operation is 
achieved. 


Ac measurements assume ty = 5 ns. 


Ving (min) and Vi_ (max) are reference levels for measuring the 
timing of input signals. Transition times are measured between 
Vin and Vit. 


loct loca: lec4,. and loos depend on output loading and cycle 
rates. Specified values are obtained with the output open. Ioc3 
is measured assuming that all column address inputs are held at 
either a high level or a low level during RAS-only refresh cycles. 
loca is measured assuming that all column address inputs are 
switched only. once during each fast-page cycle. 


The minimum: specifications are used only. to indicate the cycle . 


time at which proper operation over the full temperature range 
(Ta = Oto +70°C) is assured. 


Load = 2 TTL (-1 mA, +4 mA) loads and 100 pF. For 3.3-volt 
devices, Voy = 2.0V and Vo, = O.8V. 


If trop = tacp (max) and trap <= trap (max), access time is 
defined by trac (max). 

lf tacp = tacp (max), access time is defined by tcac (max). 

If tpap = trap (max), access time is defined by ta, (max). 


torr (max) and toez (max) define the time at which the outputs 
become open-circuit and are not referenced to Voy or VoL. 


(10) The topp requirement should be applicable for RAS/CAS cycles 


preceded by any cycle. 


(11) 
(12) 


(13) 


(14) 


(15) 


Either tary or tac must be satisfied for a read cycle. 


Parameter twp is applicable for a delayed write cycle such as a 
read-write/read-modify-write cycle. For early write cycles, both 
twos and twoH must be met. 


These parameters are referenced to the falling edge of one of the 
CAS signals for early write cycles and to the falling edge of WE 
for delayed write or read-modify-write cycles. 


twes, tawo: tcwo: tcpwo and tawp are restrictive operating 
parameters in read-write/read-modify-write cycles only. If twos 


= twcs (min), the cycle is an early write cycle and the data I/O 


‘pins will remain open-circuit throughout the entire cycle. If tewp 


= town (min), tawp = tawp (min), and tawp = tawp (min), then 
the cycle is a read-write cycle and the data I/O pins will contain 
data read from the selected cells. If neither of the above 
conditions is met, the condition of the data I/O pins (at access 
time and until CAS returns to Vj}) is indeterminate. 


Holding CAS low prior to RAS going negative will initiate a CAS 
before RAS refresh cycle (togp and tcy_ must be satisfied). 
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Timing Waveforms 


Read Cycle 


trac 


CAS 


Address 
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Input/Output : | 
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Timing Waveforms (cont) 


Early Write Cycle 


Write-Per-Bit 
Mask Select 


[1] OE = don't care. 
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Timing Waveforms (cont) 


Late Write Cycle 
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Timing Waveforms (cont) 


Read-Write/Read-Modify-Write Cycle 
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Timing Waveforms (cont) 


Fast-Page Read Cycle 


= | 


EN MT. 


| 
toEA toEz toEz 


tRA F toa OFF 
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High I | | | | High 
InpulOutput — (Xx Valid Data-out } 1M Valid Data-out 1 Valid Data-out ‘f}™pedance 
LZ : 
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Timing Waveforms (cont) 


Fast-Page Early Write Cycle 


\\ 
tRAD 


tasR tRAH tcaH tasc tcan tase 


[1] OE = don't care. 
[2] Write-per-bit enable/disable. 
[8] Write-per-bit mask select. 
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Timing Waveforms (cont) 


Fast-Page Late Write Cycle 


Wy 


th, 
() 
tacs tow. Khon. | . tw 
'WCH tWCH trcs tTCWL 


twBs tWBH tWCH 


tOEH 


a) Od, 7 . | ’ o | 


‘Ds oo * 


tws twH toeD toH 


rewown PE twos KYL oer) 


Notes: 
[1] Write-per-bit enable/disable. 
[2] Write-per-bit mask select. 
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Timing Waveforms (cont) 


Fasit-Page Read-Write/Read-Modify-Write Cycle 





tRCD 


tRAD 


taSR tcaH 
tasc 


tRAH 
| aaah" dan VO Aan, | | 
i oe | ae Pays 


twBH 


| tawo——> 
ea ftncs tow. 


tws twH tcac 


toLz 
toLz toez 
trac 
Notes: 


[1] Write-per-bit enable/disable. 
[2] Write-per-bit mask select. 
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Timing Waveforms (cont) 


Hidden Refresh Cycle 


Memory Cycle CAS Before RAS Cycle CAS Before RAS Cycle 
tac trc tac 
tRAS tras tras 


tcRP 

//} 
t 

tasr tRAD | fe 


A Fe Joe IR 


tWHR | 


._ tasc 
RAH 


jf] \__N 


| 'OEA torr 


Jeno toEz 


toLz 


ba . 


High 
impede 8 
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Timing Waveforms (cont) 


RAS-Only Refresh Cycle 


trp 
tRPC 


AUN 


High impedance 
Input/Output 2 


Notes: _ 
[1] WE = OE = don't care. 





CAS Before RAS Refresh Cycle 





High Impedance 
Input/Output = 
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Timing Waveforms (cont) 


CBR Selt-Refresh Cycle 
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Description 


The pPD424900A/L and uPD42S4900A/L are fast-page 
dynamic RAMs organized as 524,288 words by 9 bits 
and designed to operate from a single power supply. 


Optional features are power supply voltage (+5 V or 
+3.3 V) and a new refresh mode called “self-refresh.” 


UPD Options 

424900A +5V 

424900L +3.3 V 

42S4900A +5 V; self-refresh mode 
42S4900L +3.3 V; self-refresh mode 


Advanced polycide technology using stacked capaci- 
tors minimizes silicon area and provides high storage 
cell capacity, high performance, and high reliability. A 
single-transistor dynamic storage cell and CMOS cir- 
cuitry throughout ensure minimum power dissipation, 
while an on-chip circuit internally generates the 
negative-voltage substrate bias—automatically and 
transparently. 


The three-state I/O pins are controlled by CAS indepen- 
dent of RAS. After a valid read or read-modify-write 
cycle, data is held on the outputs by maintaining CAS 
low. Data outputs return to high impedance when CAS 
goes high. Fast-page read and write cycles can be 
executed by cycling CAS. 


Refreshing may be accomplished by a CAS before RAS 
refresh cycle (CBR) that internally generates the re- 
fresh address. RAS-only refresh cycles will also refresh 
all memory locations. 


The self-refresh mode is entered by holding RAS low for 
longer than 100 ys during a CBR cycle. Detection of this 
long RAS time starts an internal oscillator that main- 
tains data integrity without external clocking. The slow 
refresh reduces the data hold current to less than 200 
microamperes. Self-refresh mode is used with micro- 
processors that have a “sleep mode” for low-power 
applications such as notebook PCs. 


Features 


524,288 by 9-bit organization 

Single power supply (+5-volt or +3.3-volt) 
Self-refresh option (slow internal automatic refresh) 
Fast-page option 

Low power dissipation 

CAS before RAS refreshing 


Ooaoao0o0 ag 
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uPD424900A/L, 42S4900A/L 
524,288 x 9-Bit 
Dynamic CMOS RAM 


On-chip substrate bias generator 
TTL-compatible inputs and outputs 
Nonlatched, three-state outputs 

Low input capacitance 

Multiplexed row and column addresses 

1024 refresh cycles every 16 ms 

28-pin SOu, 28-pin ZIP, and 28-pin TSOP plastic 
packaging 


nooaoaoad 


Pin Configurations 


28-Pin Plastic SOJ 
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Pin Configurations (cont) 


28-Pin Plastic ZIP 


pPD424900A/L, 42S4900A/L 
OE tf: 


28-Pin Plastic TSOP (Normal Pinouts) 


pPD424900A/L, 42S4900A/L 


Suffix -7JD In the package Identifier 
denotes normal pinout sequence. 








NEC 


28-Pin Plastic TSOP (Reverse Pinouts ) 


uPD424900A/L, 42S4900A/L 


Suffix -7KD In the package Identifier 
denotes reverse pinout sequence. 


Pin Identification 
Name 

Ag - Ag 
VO - VOg 
CAS 

OE 

RAS 

WE 

GND 

Veco 

NC 





Function 

Address inputs 

Data inputs and outputs 
Column address strobe 
Output enable 

Row address strobe 
Write enable 

Ground 

+5-volt power supply 


No connection 
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Ordering Information, »PD424900A (+ 5-volt power) 





RAS Access Fast-Page Cycle CAS Access 

Part Number Time (max) Time (max) Time (max) Package 

UPD424900ALE-60 60 ns 40 ns 20 ns 28-pin plastic SOJ 
LE-70 70 ns 45 ns 
LE-80 80 ns 50 ns 

UPD424900AV-60 60 ns 40 ns 20 ns 28-pin plastic ZIP 
V-70 70 ns 45 ns 
V-80 80 ns 50 ns 

UPD424900AG5-60 60 ns 40 ns 20 ns 28-pin plastic TSOP 
G5-70 70 ns 45 ns (normal pinouts) 
G5-80 80 ns 50 ns 

UPD424900AG5M-60 60 ns 40 ns 20 ns 28-pin plastic TSOP 
G5M-70 See 70 ns i AG is - as - (reverse pinouts) 
G5M-80 80 ns 50 ns 





Ordering Information, »PD424900L (+ 3.3-volt power) 


RAS Access Fast-Page Cycle CAS Access 

Part Number Time (max) Time (max) Time (max) Package 

uUPD424900LLE-A60 60 ns 40 ns 20 ns 28-pin plastic SOJ 
LE-A70 70 ns 45 ns 
LE-A80 80 ns 50 ns 

pPD424900LV-A60 60 ns 40 ns 20 ns 28-pin plastic ZIP 
V-A70 70 ns 45 ns 
V-A80 80 ns 50 ns 

HPD424900LG5-A60 60 ns 40 ns 20 ns 28-pin plastic TSOP 
G5-A70 70 ns 45 ns inonmel pinouts) 
G5-A80 80 ns 50 ns 

UPD424900LG5M-A60 60 ns 40 ns 20 ns 28-pin plastic TSOP 6c | 
G5M-A70 70 ns 45 ns treverse, Pincute) 
G5M-A80 80 ns 50 ns 


oO 
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Ordering Information, »PD42S4900A (+ 5-volt power; self-refresh mode) 


Part Number 

UPD42S4900ALE-60 
LE-70 
LE-80 


RAS Access 
Time (max) 


60 ns 
70 ns 
80 ns 


Fast-Page Cycle 


Time (max) 
40 ns 
45 ns 
50 ns 


CAS Access 
Time (max) 


20 ns 


Self-Refresh 


Current (max) 


300 yA 


Package 
28-pin plastic SOJ 


ptPD42S4900AV-60 


V-70 
V-80 


60 ns 
70 ns 
80 ns 


40 ns 
45 ns 
50 ns 


20 ns 


300 vA 


28-pin plastic ZIP 


pPD42S4900AG5-60 


G5-70 
G5-80 


60 ns 
70 ns 
80 ns 


40 ns 
45 ns 
50 ns 


20 ns 


300 pA 


28-pin plastic TSOP 
(normal pinouts) 


uUPD42S4900AGSM-60 


G5M-70 
G5M-80 


60 ns 
70 ns 
80 ns 


40 ns 
45 ns 
50 ns 


20 ns 


300 WA 


28-pin plastic TSOP 
(reverse pinouts) 





Ordering Information, »PD42S4900L (+ 3.3-volt power; self-refresh mode) 


Part Number 

LPD42S4900LLE-A60 
LE-A70 
LE-A80 

uPD42S4900LV-A60 
V-A70 
V-A80 


RAS Access 
Time (max) 


60 ns 
70 ns 
80 ns 
60 ns 
70 ns 
80 ns 


Fast-Page Cycle 
Time (max) 


40 ns 
45 ns 
50 ns 
40 ns 
45 ns 
50 ns 


CAS Access 
Time (max) 


20 ns 


20 ns 


Self-Refresh 
Current (max) 


100 pA 


100 pA 


Package 
28-pin plastic SOJ 


28-pin plastic ZIP 


uPD42S4900LG5-A60 


G5-A70 

G5-A80 
pPD42S4900LG5M-A60 
_ @5M-A70 
G5M-A80 


bh 


60 ns 
70 ns 
80 ns 
60 ns 
70 ns 
80 ns 


40 ns 
45 ns 
50 ns 
40 ns 
45 ns 
50 ns 


20 ns 


20 ns 


100 pA 


100 pA 


28-pin plastic TSOP 
(normal pinouts) 


28-pin plastic TSOP 
(reverse pinouts) 


NV. KE C HPD424900A/L, 42S4900A/L 


Block Diagram 


Sense Amplifier 


Truth Table 

Function RAS CAS WE OE 1/04 - 1/09 

Standby H xX Xx X High-Z 

Refresh cycle L H X x High-Z 

Read cycle L L H L Data output 

Write cycle L L L H Data input 
—- L L H H High-Z 


Multiplexer 
Address Buffer 
Row Decoder 








X = don't care. 
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Absolute Maximum Ratings Capacitance 


Voltage on any pin relative to GND get 29 Sse 


5-volt devices -1.0 to +7.0 V Parameter Symbol Max Unit Pins Under Test 
see OR an ee OY Input capacitance Cy 5 pF Addresses 
Operating temperature, Topp 0 to + 70°C Cp 7 pF CAS, WE, 
Storage temperature, Tstg ~55 to + 125°C OE, RAS 
Short-circuit output current, log Input/output Co 7 pF YO - YWOg 

§-volt devices 50 mA capacitance 

3.3-volt devices 20 mA 
Power dissipation, Pp 1.0W 
Exposure to Absolute Maximum Ratings for extended periods may 
affect device reliability; exceeding the ratings could cause perma- 
nent damage. The device should be operated within the limits 
specified under DC and AC Characteristics. 
Recommended Operating Conditions 

5-Volt Devices 3.3-Volt Devices 

Parameter Symbol Min Typ Max Min. Typ Max Unit 
Input voltage, high Vin 2.4 Voc + 1.0 2.0 Voc +0.3 V 
Input voltage, low Vit -1.0 0.8 -0.5 0.8 V 
Supply voltage Voc 4.5 5.0 5.5 3.0 3.3 3.6 V 
Ambient temperature Ta 0 +70 0 +70 °C 





Self-Refresh Current 
Ta = Oto +70°C; Veg = +5 V +10% (42S4900A) or +3.3 V +0.3 V (42S4900L) 


Symbol 42S4900A 42S4900L Conditions 








loc7 300 pA max 100 yA max VO pins: Vip = Voo- 0.2 V; Vi_ < 0.2 V or.open. 
Other input pins: Vij = Voc -02V; Vy Ss 0.2V 
or open. tras 2 100 us 


DC Characteristics; 5-Volt Devices 
Ta = 0 to +70°C; Vog = +5.0 V +10% 


Parameter Symbol Min Typ Max Unit Test Conditions 
Standby current loce 2.0 mA RAS = CAS = Vjy (min); lo = OMA 
300 pA RAS = CAS = Voc - 0.2 V; lo = OMA 
Input leakage current Nay —10 10 HA Vin = 0 V to Voc; all other pins not under test = OV 
Output leakage current low -10 10 HA Dout disabled; Voyt = OV toVoc 
Output voltage, low VoL 0.4 Vv lol = 42 mA 
Output voltage, high Von 2.4 V lon = -S mA 


0) 
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DC Characteristics; 3.3-Volt Devices 
Ta = 0 to +70°C; Voog = +3.3V +0.3V 








Parameter Symbol Min Typ Max Unit Test Conditions 
Standby current loce 500 LA RAS = CAS = Vip (min); lp = OmA 
100 HA RAS = GAS = Voc - 0.2 V; lo = OMA 
Input leakage current WL) -5 5 LA Vin = 0 V to Voc; all other pins not under test = OV 
Output leakage current low) ~5 5 LA Dourt disabled; Vout = OV toVoco 
Output voltage, low VoL 0.4 V lol =2.0 mA 
Output voltage, high Von 2.4 V lon = -2.0 mA 


AC Characteristics 

Ta = Oto +70°C 

UPD424900A, 4284900A: Vocg = +5.0 V +10% 
UPD424900L, 42S4900L: Vog = +3.3V +0.3V 








-60 -70 -80 
Parameter Symbol Min Max Min Max Min Max Unit Test Conditions 
Operating current, loci (+5) 120 110 100 mA RAS, CAS cycling; tac = 
average loot (+3.3) 110 400 90 tac min (Note 5) 
Operating current, locg3 (+5) 120 110 100 mA RAS cycling; CAS = Viz; 
RAS- only refresh SS SSS min; tac = tro min 
cycle, average loca (+3.3) 110 100 90 (Note 5) 
Operating current, loca (+5) 100 90 80 mA RAS = Vj; CAS cycling; 
fast-page cycle, ee tpo = tpo min 
average locg (+3.3) 100 90 80 (Note 5) 
Operating current, loos (+5) 120 110 100 mA RAS cycling; CAS < Vi, 
CAS before RAS max; tac = tro min 
refresh cycle, loos (+3.3) 110 400 90 (Note 5) 
average 
Access time from taa 30 35 40 ns (Notes 3, 4, 7, 8) 
column address 
Access time from tacp 35 40 45 ns (Notes 3, 4, 7, 8) 
CAS precharge 
(rising edge) 
Column address tasc 0 0 0 ns 
setup time 
Row address setup taSR 0 0 0 ns 
time 
Column address to tawpb 50 55 70 ns (Note 14) 
WE delay time 
Access time from toac 20 20 20 ns (Notes 3, 4, 7, 8) 
CAS (falling edge) 
Column address toaH 15 15 15 ns 
hold time 
CAS pulse width tcas 20 10,000 20 10,000 20 10,000 ns 
CAS hold time for tcHR 15 15 15 ns (Note 15) 
CAS before RAS 
refreshing 
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AC Characteristics (cont) 








NEC 


.  =60 -70 -80 
Parameter Symbol Min Max Min Max Min Max Unit Test Conditions 
CAS hold time tous -35 -40 -50 ns For 42S4900A/L only 
(CBR self-refresh 
mode) 
CAS to output in toLz ce) 0 0 ns (Notes 4, 7) 
low-Z 
Fast-page CAS top 10 10 10 ns 
precharge time 
CAS precharge topn 10 10 10 ns 
time 
Fast-page CAS _ topwo 55 , 60 75 ns (Note 14) 
precharge to WE 
delay time 
CAS to RAS torp 10 10 10 ns (Note 10) 
precharge time 
CAS hold time tospH 60 70 80 ns 
CAS setup time for tosr 5 5 5 ns (Note 15) 
CAS before RAS 
refresh cycle 
CAS to WE delay ‘towp 40 40 50 ns (Note 14) 
Write command towL 15 15 15 ns 
referenced to CAS 
lead time 
Data-in hold time ton 15 15 15 ns (Note 13) 
Data-in setup time tos 0 0 0 ns (Note 13) 
Access time from toEA 20 20 20 ns (Notes 3, 4, 7, 8) 
OE 
OE data delay time toED 15 15 15 ns 
OE command hold toEH 0 0 0 ns 
time 
GE to RAS inactive toes 0 0 0 ns 
setup time 
Output turnoff toEz 0 15 0 15 0 15 ns (Note 9) 
delay from OE 
Output disable torr 0 15 0 16 0 20 ns (Note 9) 
from CAS high 
CE to output in toLz 0 0 0 ns (Notes 5, 7) 
low-Z 
Fast-page read or tpc 40 45 50 ns (Note 6) 
write cycle time 
Fast-page read- tpawc 85 90 100 ns (Note 6) 
modify-write cycle 
time with exended 
data output 
Access time from trac 60 70 80 ns (Notes 3, 4, 7, 8) 


RAS 
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AC Characteristics (cont) 


Parameter Symbol 
RAS to colurnn trap 
address delay time 

Row address hold tRAH 
time 

Column address tRAL 
lead time 

referenced to RAS 

(rising edge) 

RAS pulse width tras 
Fast-page RAS trasp 
pulse width 

RAS pulse width trass 
(CBR self-refresh 

mode) 

Random read or tro 
write cycle time 

RAS to CAS delay taco 
time 

Read command tRcnH 
hold time 

referenced to CAS 

Read command tres 
setup time 

Refresh period tRer 
RAS hold time truce 
referenced to CAS 

precharge 

RAS precharge trp 
time 

RAS precharge treo 
CAS hold time 

RAS precharge taps 
time (CBR self- 

refresh mode) 

Read command tRRH 
hold time 

referenced to RAS 

RAS hold time trsH 
Read-modify-write tawe 
cycle time 

RAS to WE delay tawp 
Write command tRWL 
referenced to RAS 

lead time 

Rise and fall times tr 


30 


60 
60 


100 


120 


20 


35 


50 


120 


20 
165 


80 
20 


10,000 
125,000 


40 


Min 
15 


10 


35 


70 
70 


100 


130 


20 


40 


50 


130 


20 
175 


8 


Max 
35 


10,000 
125,000 


50 


16 


10 


40 


80 
80 


100 


150 


20 


45 


60 


150 


25 
200 


105 
20 
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10,000 
125,000 


60 


16 


50 


Unit 


ns 


ns 


ns 


ns 


ns 


Us 


ns 


ns 


ns 


ns 


ns 


ns 


ns 


ns 


ns 


ns 
ns 
ns 


ns 


ns 


Test Conditions 
(Note 8) 


For 42S4900A/L 


(Note 6) 
(Note 8) 


(Note 11) 


Addresses Ag - Ag 





For 42S4900A/L 


(Note 11) 


(Note 6) 


(Note 14) 


(Note 4) 
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AC Characteristics (cont) 
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-60 -80 
Parameter Symbol Min Max Min Max Min Max Unit Test Conditions 
Write command tweou 15 15 15 ns (Note 12) 
hold time 
Write command twes 0 0 fe) ns (Note 14) 
setup time 
Write command twp 15 15 15 ns (Note 12) 
pulse width 
Notes: 
(1) All voltages are referenced to GND. (9) torr (max) and togz (max) define the time at which the outputs 


(2) 


(3) 
(4) 


(5) 


(6) 


(8) 


10 


An initial pause of 100 ps is required after power-up, followed by 
any eight RAS cycles, before proper device operation is 
achieved. 


Ac measurements assume ty = 5ns. 


Vin (min) and Vi, (max) are reference levels for measuring the 
timing of input signals. Transition times are measured between 
Vin and Vi. 


lect, lees: loca, and lees depend on output loading and cycle 
rates. Specified values are obtained with the output open. Ioo3 
is measured assuming that all column address inputs are held at 
either a high level or a low level during RAS-only refresh cycles. 
locq is measured assuming that all column address inputs are 
switched only once during each fast-page cycle. 


The minimum specifications are used only to indicate the cycle 
time at which proper operation over the full temperature range 
(Ta = 0 to +70°C) is assured. 


Load = 2 TTL (-1 mA, +4 mA) loads and 100 pF. For 3.3-volt 
devices, Voy = 2.0 V and Vo, = 0.8 V. 


ff tacp = trop (max) and trap = trap (max), access time is 
defined by trac (max). 

If trop 2 tacp (max), access time is defined by toac (max). 

If trap 2 tRap (max), access time is defined by ta, (max). 


(10) 


(11) 
(12) 


(13) 


(14) 


(15) 


become open-circuit and are not referenced to Voy or Vor. 


The tornp requirement should be applicable for RAS/CAS cycles 
preceded by any cycle. 


Either tary or tacy must be satisfied for a read cycle. 


Parameter twp is applicable for a delayed write cycle such as a 
read-write/read-modify-write cycle. For early write cycles, both 
twos and twoH must be met. 


These parameters are referenced to the falling edge of CAS for 
early write cycles and to the falling edge of WE for delayed write 
or read-modify-write cycles. 


twos, tawo, tewo tcpwo and tawp are restrictive operating 
parameters in read-write/read-modify-write cycles only. If twos 
= twcs (min), the cycle is an early write cycle and the data i/O 
pins will remain open-circuit throughout the entire cycle. If towp 
= town (min), tawp = trawp (min), and tawp = tawp (min), then 
the cycle is a read-write cycle and the data I/O pins will contain 
data read from the selected cells. If neither of the above 
conditions is met, the condition of the data I/O pins (at access 
time and until CAS returns to Vip) is indeterminate. 


Holding CAS low prior to RAS going negative will initiate a CAS 
before RAS refresh cycle (tcosy and tcp must be satisfied). 
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Timing Waveforms 


Read Cycle 


Input/Output 
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Timing Waveforms (cont) 


Early-Write Cycle 


tWCH 


“WOO ae MMII 


Note 
[1] OE = don't care. 
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Timing Waveforms (cont) 


Late-Write Cycle 


CANA 


tOEH 


tDH 





uPD424900A/L, 42S4900A/L 


Timing Waveforms (cont) 


Read-Write/Read-Modity-Write Cycle 


High Impedance 


—- 


Input/Output 





NEC 


tOEH 


SS 


tOED 
tcac 


| ali (MA AKAAKKAAAAAA/ 
| OK casio DRAM oan ROK 
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Timing Waveforms (cont) 


Fast-Page Read Cycle 


Tem 


se 
ae 
Input/Output {Xf vais Dawu | Valid Data-out [Vaid Datwout axe 


toLz 
toLz 
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Timing Waveforms (cont) 


Fast-Page Early-Write Cycle 





tRAD taSC 


tasR tcaH tasc tcaH tasc 


tRAH 
wns TE For KVL ome ANI oxtrm KEKKO _oosen KRG RNN 
accross KN RAY _Sotme ROY CON Naa’ 
| 


Note: 
[1] OE = don't care. 
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Timing Waveforms (cont) 


Fast-Page Late-Write Cycle 





tRAL: 


ao yo 
ON cote IK KXXK cote ADO 
= Kho | all 


—tWCH tRcs tCWL 


MLL] 


i 


tOEH toOEH 


a (MMO 
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Timing Waveforms (cont) 


Fast-Page Read-Write/Read-Modify-Write Cycle 


tcrP trcD tcas top 


we NS 
tra D 
taSR tCAH tRAL 


tRAH tasc tas betas 


la 
tacs tow. 
tcowo 


le 
i 


OE 


e OeUa ih | 


toLz 
toez 
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Timing Waveforms (cont) 


Hidden Retresh Cycle 


Memory Cycle CAS Before RAS Cycle CAS Before RAS Cycle 
tro tro tac 


thas tras tRAS 


tcRP 


ii 
tasc 
tRAH 


taSR tRaD | hie 


Lh Ms 


tWHR 


tOrF 
toez 





High 
Imp Baa 


High Imped 
Input/Output a cn NX Valid Data-out ) 


he 


tRAC 
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Timing Waveforms (cont) 


RAS-Only Refresh Cycle 


trp 
tRPC 


AUN 


Input/Output 


Notes: 
[1] WE = OE = don't care. 





CAS Before RAS Refresh Cycle 


trpc_ "CSR 


ried 


MMIII 
mee ILL 


83FM-7911B 
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Timing Waveforms 


CBR Selt-Retresh Cycle 
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4M DRAMs (256K x 16/18) 


Section 7 


4M DRAMs (256K x 16/18) 


uPD 
424170A 


424170L 


4234170A 


42S4170L 


424190A 


424190L 


4284190A 


4284190L 


424260A 


424260L 


42S4260A 


42S4260L 


Organization Features 


256K x 16 


256K x 16 


256K x 16 


256K x 16 


256K x 18 


256K x 18 


256K x 18 


256K x 18 


256K x 16 


256K x 16 


256K x 16 


256K x 16 


Fast-page; 2 WE; 7a 
1K refresh 

Fast-page; 2 WE; 

1K refresh; 3.3-volt 
Fast-page; 2 WE; 

1K refresh; self- 

refresh 


Fast-page; 2 WE; 
1K refresh; self- 
refresh; 3.3-volt 


Fast-page; 2 WE; 7b 
1K refresh 

Fast-page; 2 WE; 

1K refresh; 3.3-volt 
Fast-page; 2 WE; 

1K refresh; self- 

refresh 

Fast-page; 2 WE; 

1K refresh; self- 

refresh; 3.3-volt 


Fast-page; 2 CAS; 7c 
512 refresh 

Fast-page; 2 CAS; 

512 refresh; 3.3-volt 
Fast-page; 2 CAS; 

512 refresh; self- 

refresh 

Fast-page; 2 CAS; 

512 refresh; seif- 

refresh; 3.3-volt 


pPD 
424263A 


424263L 


4284263A 


4284263L 


424280A 


424280L 


4284280A 


42$4280L 


Organization 


256K x 16 


256K x 16 


256K x 16 


256K x 16 


256K x 18 


256K x 18 


256K x 18 


256K x 18 
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Features 


Fast-page; 2 CAS; 7d 
512 refresh; write- 
per-bit 

Fast-page; 2 CAS; 
512 refresh; write- 
per-bit; 3.3-volt 
Fast-page; 2 CAS; 
512 refresh; write- 
per-bit; self- refresh 
Fast-page; 2 CAS; 
512 refresh; write- 
per-bit; self- refresh; 
3.3-volt 

Fast-page; 2 CAS; 7e 
512 refresh 
Fast-page; 2 CAS; 
512 refresh; 3.3-volt 
Fast-page; 2 CAS; 
512 refresh; self- 
refresh 

Fast-page; 2 CAS; 
512 refresh; self- 
refresh; 3.3-volt 


NEC 


NEC Electronics Inc. 


Description 


The pPD424170A/L and uPD42S4170A/L are fast-page 
dynamic RAMs organized as 262,144 words by 16 bits 
and designed to operate from a single power supply. 


Optional features are power supply voltage (+5 V or 
+3.3 V) and a new refresh mode called “self-refresh.” 


yuPD Options 

424170A +5V 

424170L +3.3V 

42S4170A +5 V; self-refresh mode 
4284170L +3.3 V; self-refresh mode 


Advanced polycide technology using stacked capaci- 
tors minimizes silicon area and provides high storage 
cell capacity, high performance, and high reliability. A 
single-transistor dynamic storage cell and CMOS cir- 
cuitry throughout ensure minimum power dissipation, 
while an on-chip circuit internally generates the 
negative-voltage substrate bias—automatically and 
transparently. 


Word writing (1/04 -1/O1g), upper byte writing (I/Og - 
1/046), and lower byte writing (I/O, - 1/Og) are all possi- 
ble using UWE and LWE. If UWE or LWE goes low during 
an early write cycle, all data outputs remain in high 
impedance. Either going low causes a byte write cycle, 
while bringing both low at the same time results in a 
word write cycle. UWE and LWE cannot be staggered 
within the same write cycle. 


Refreshing may be accomplished by a CAS before RAS 
refresh cycle (CBR) that internally generates the re- 
fresh address. RAS-only refresh cycles will also refresh 
all memory locations. 


The self-refresh mode is entered by holding RAS low for 
longer than 100 ys during a CBR cycle. Detection of this 
long RAS time starts an internal oscillator that main- 
tains data integrity without external clocking. The slow 
refresh reduces the data hold current to less than 200 
microamperes. Self-refresh mode is used with micro- 
processors that have a “sleep mode” for low-power 
applications such as notebook PCs. 


Features 


0 262,144 by 16-bit organization 

Single power supply (+5-volt or +3.3-volt) 
Self-refresh option (slow internal automatic refresh) 
Fast-page option 


o00 
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HPD424170A/L, 42S4170A/L 
262,144 x 16-Bit 
Dynamic CMOS RAM 


O Byte write control with UWE and LWE 

QO Low power dissipation 

0 CAS before RAS refreshing 

Q On-chip substrate bias generator 

0 TTL-compatible inputs and outputs 

QO Nonlatched, three-state outputs 

O Low input capacitance 

QO Multiplexed row and column addresses 

0 1024 refresh cycles every 16 ms 

QO 40-pin SOJ, 40-pin ZIP, and 44/40-pin TSOP plastic 
packaging 


Pin Configurations 


40-Pin Plastic SOJ 


pPD424170AIL, 42S4170A/L 
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Pin Configurations (cont) 


40-Pin Plastic ZIP 


»PD424170A/L, 4284170A/L 
VWOg 1p 


Suffix -7JF In the package Identifier 
denotes normal pinout sequence. 
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44/40-Pin Plastic TSOP (Reverse Pinouts ) 
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Suffix -7KF In the package Identifler 
denotes raverse pinout sequence. 





Pin Identification 


Name Function 

Ag - Ag Address inputs 

CAS Column address strobe 

YO, - YO4g Data inputs and outputs 

OE Output enable 

RAS Row address strobe 

UWE and LWE Byte write enable 

GND Ground 

Voc +5-volt or +3.3-volt power supply 
NC No connection 


NV. EE Cc uPD424170A/L, 42S4170A/L 


Block Diagram 


RAS Clock 
Generator 


Data /O Bus 
: 
Sense Amplifier 


Multiplexer 
Address Buffer 
Row Decoder 


eeeeeoee#?e@ 





Truth Table 





Function RAS (WE UWE CAS OE 1/0, - /0g WO - O46 
Standby Vin X X X X High-Z High-Z 
Refresh cycle Vit X X Vin X High-Z High-Z 
Byte write cycle Vit Vit VoH Vit Vin Data input High-Z 
VIL Vin Vit Vin Vin High-Z Data input 

Word read cycle ViL Vin Vin Vir ViL Data output Data output 
Word write cycle Vit ViL Vin Vit Vin Data input Data input 

— Vit Vit Vit Vin Vin High-Z High-Z 
X = don't care. 
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Ordering Information, »PD424170A (+ 5-volt power) 


RAS Access Fast-Page Cycle CAS Access 
Part Number Time (max) Time (max) : Time (max) _. Package 
uPD424170ALE-60 60 ns . 40 ns 20 ns 40-pin: plastic SOJ 
LE-70 70 ns ~ 45 ns 
LE-80 80 ns ; 50 ns 
UPD424170AV-60 60 ns es 40 ns 20 ns _ 40-pin plastic ZIP 
V-70 70 ns 45 ns 
V-80 | . 80 ns 50 ns 
uUPD424170AG5-60 60 ns ; '40ns 20 ns 44/40-pin plastic TSOP 
G5-70 70 ns 45 ns Anotmal pineuts) 
; G5-80 80 ns 50 ns 
HUPD424170AG5M-60 4 60 ns 40 ns 20 ns 44/40-pin plastic TSOP 
G5M-70 70 ns 45 he (reverse pinouts) 
G5M-80 80 ns 50 ns 


Ordering Information, »PD424170L (+ 3.3-volt power) 


RAS Access Fast-Page Cycle CAS Access 

Part Number Time (max) Time (max) Time (max) Package 

uPD424170LLE-A60 60 ns 40 ns 20 ns 40-pin plastic SOJ 

. LE-A70 70 ns 45 ns . 
LE-A80 80 ns 50 ns 

uUPD424170LV-A60 60 ns 40 ns 20 ns 40-pin plastic ZIP 
V-A70 70 ns 45 ns 4 
V-A80 80 ns 50-ns 

uUPD424170LG5-A60 60ns 40 ns 20 ns 44/40-pin plastic TSOP 
G5-A70 70 ns ; 45 ns sperma pinouts) 

- @B-A80 g0ns 50 ns 

HPD424170LG5M-A6O _ 60 ns 40.ns 20 ns 44/40-pin plastic TSOP 
G5M-A70 70 ns 45 ns frevetes pineut®) 
G5M-A80 80 ns 50 ns 





a 
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Ordering Information, »PD42S4170A (+ 5-volt power; self-refresh mode) 


Self-Refresh 
Current (max) 


300 pA 


Part Number 
UPD42S4170ALE-60 
LE-70 
LE-80 
MPD42S41 70AV-60 
V-70 
V-80 
UPD42S4170AG5-60 
G5-70 
G5-80 
UMPD42S41 70AG5M-60 
G5M-70 
G5M-80 


RAS Access 
Time (max) 


60 ns 
70 ns 
80 ns 
60 ns 
70 ns 
80 ns 
60 ns 
70 ns 
80 ns 
60 ns 
70 ns 
80 ns 


Fast-Page Cycle 
Time (max) 


40 ns 
45 ns 
50 ns 
40 ns 
45 ns 
50 ns 
40 ns 
45 ns 
50 ns 
40 ns 
45 ns 
50 ns 


CAS Access 
Time (max) 


20 ns 


20 ns 


20 ns 


20 ns 


300 pA 


300 WA 


300 pA 


Ordering Information, »PD42S4170L (+ 3.3-volt power; self-refresh mode) 


Part Number 
uPD42S4170LLE-A60 
LE-A70 
LE-A80 
uPD42S4170LV-A60 
V-A70 
V-A80 
UPD4284170LG5-A60 
G5-A70 
G5-A80 
~ UPD4284170LG5M-A60 
G5M-A70 
G5M-A80 


RAS Access 
Time (max) 


60 ns 
70 ns 
80 ns 
60 ns 
70 ns 
80 ns 
60 ns 
70 ns 
80 ns 
60 ns 
70 ns 
80 ns 


Fast-Page Cycle 


Time (max) 
40 ns 
45 ns 
50 ns 
40 ns 
45 ns 
50 ns 
40 ns 
45 ns 
50 ns 
40 ns 
45 ns 
50 ns 


CAS Access 


Time (max) 


20 ns 


20 ns 


20 ns 


20 ns 


Self-Refresh 
Current (max) 


100 pA 


100 pA 


100 yA 


100 pA 
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Package 
40-pin plastic SOJ 


40-pin plastic ZIP 


44/40-pin plastic TSOP 
(normal pinouts) 


44/40-pin plastic TSOP 
(reverse pinouts) 


Package 
40-pin plastic SOJ 


40-pin plastic ZIP 


44/40-pin plastic TSOP 
(normal! pinouts) 


44/40-pin plastic TSOP 
(reverse pinouts) 
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Absolute Maximum Ratings Capacitance 


Voltage on any pin relative to GND Te 20 Cr he Me 


+5-volt devices -1.0to +7.0 V Parameter. Symbol Max Unit Pins Under Test 
SUE SEIS oe A Input capacitance Cy 5 pF Addresses 
Operating temperature, Topp 0 to +70°C Cp 7 pF LWE, UWE, 
Storage temperature, Tstg -55 to +125°C OE, RAS 
Short-circuit output current, log input/output Co 7 pF VO, - VO4g 

+5-volt devices 50 mA capacitance 

+3.3-volt devices 20 mA 
Power dissipation, Pp 1.0W 


Exposure to Absolute Maximum Ratings for extended periods may 
affect device reliability; exceeding the ratings could cause perma- 
nent damage. The device should be operated within the limits 
specified under DC and AC Characteristics. 


Recommended Operating Conditions 


+5-Voit Devices +3.3-Volt Devices 
Parameter Symbol Min Typ Max Min Typ Max Unit 
Input voltage, high Vin 2.4 Veo + 1.0 2.0 Voc +0.3 V 
Input voltage, low ViL -1.0 0.8 -0.5 0.8 Vv 
Supply voltage Voc 4.5 5.0 5.5 3.0 3.3 3.6 V 
Ambient temperature Ta 0 +70 0 +70 °C 





Self-Refresh Current 
Ta = Oto +70°C; Vog = +5 V +10% (4284170A) or +3.3 V +0.3 V (42S4170L) 


Symbol 42S4170A 42S4170L Conditions 








loo7 300 yA max 100 LA max /O pins: Vi = Voo- 0.2 V; Vip = 0.2 V or open. 
Other input pins: Viy = Voc -02V; Vp s 0.2V 
or open. tras = 100 us 





DC Characteristics; +5-Volt Devices 
Ta = 0 to +70°C; Veg = +5.0V +10% 


Parameter Symbol Min Typ Max Unit Test Conditions 
Standby current loce 2.0 mA RAS = CAS = Vin (min); lo = OMA 
300 yA RAS = CAS = Voc - 0.2 V; lo = OMA 
Input leakage current wy ~10 10 uA Vin = 0 V to Voc; all other pins not under test = OV 
Output leakage current low -10 10 yA Dout disabled; Voyy = OV to Voc 
Output voltage, low VoL 0.4 Vv lol = 4.2mA 
Output voltage, high Vou 2.4 Vv lon = -S mA 


o 
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DC Characteristics; +3.3-Volt Devices 


Ta = Oto +70°C; Vog = +3.3V +0.3V 


Parameter Symbol 
Standby current loco 
Input leakage current ui) 
Output leakage current low 
Output voltage, low VoL 
Output voltage, high Vou 


AC Characteristics 


Min Typ 


2.4 


Ta = 0 to +70°C; Vog = +5.0V #10% of +3.3V 40.3 V 


Parameter Symbol 
Operating current, loo1 (+5) 
average 
9 loot (+3.3) 
Operating current, locg (+5) 
RAS-only refresh 
cycle, average loog (+3.3) 
Operating current, loog (+5) 
fast-page cycle, 
average loc4 (+ 3.3) 
Operating current, loos (+5) 
CAS before RAS 
refresh cycle, loos (+3.3) 
average 
Access time from taa 
column address 
Access time from tacp 
CAS precharge 
(rising edge) 
Column address tase 
setup time 
Row address setup tasR 
time 
Column address to tawb 
WE delay time 
Access time from toac 
CAS (falling edge) 
Column address tcAH 
hold time 
CAS pulse width tcas 
CAS hold time for tour 
CAS before RAS 
refreshing 
CAS hold time tons 
(CBR self-refresh 
mode) 


-60 
Min Max 
110 
100 
110 
100 
90 
90 
110 
100 
30 
35 
0 
0 
50 
20 
15 
20 10,000 
15 
-35 


Max 
500 
100 


0.4 


55 


15 


Unit 


HA 
HA 
HA 
HA 


10,000 


Max 
100 
90 
100 


90 
80 
80 
100 


90 


35 


40 


20 
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Test Conditions 
RAS = CAS = Viyq (min); lp = OMA 

RAS = CAS = Voc -0.2Vilo = OMA 

Vin = 0 V to Voc; all other pins not under test = 0V 


Dout disabled; Voyr = OV to Veco 


lo, =2.0 mA 
loy = -2.0 mA 
-80 

Min Max 
90 
80 
90 
80 
70 
70 
90 
80 
40 
45 

0 

0 

70 
20 

15 

20 10,000 

15 

—50 


Unit 
mA 


mA 


mA 


mA 


ns 


ns 


ns 


ns 


ns 


ns 


ns 


ns 


ns 


Test Conditions 
RAS, CAS cycling; tac = 
tao min (Note 5) 


RAS cycling; CAS = Vix 
min; tac = tro min 
(Note 5) 


RAS < Vi; CAS cycling; 
tpc = tpo min 
(Note 5) 


RAS cycling; CAS < Vi 
max; tac = trac min 
(Note 5) 


(Notes 3, 4, 7, 8) 


(Notes 3, 4, 7, 8) 


(Note 14) 


(Notes 3, 4, 7, 8) 





(Note 15) 


For 4284170A/L only 
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AC Characteristics (cont) 











-60 -70 -80 
Parameter Symbol Min Max — Min Max Min Max Unit Test Conditions 
CAS to output in toLz 0 0 0 ns (Notes 4, 7) 
low-Z 
Fast-page CAS top 10 - 10 10 ns 
precharge tirne 
CAS precharge topn 10 10 10 ns 
time , 
Fast-page CAS _ tcopwo 55 . 60 75 ns (Note 14). 
precharge to WE 
delay time : 
CAS to RAS tcrp 10 10 10 “ns (Note 10). : 
precharge time 
CAS hold time . toesy 60 70 80 ns 
CAS setup time for tcsr § >) — § ns (Note 15) 
CAS before RAS 
refresh cycle 
CAS to WE delay tcwo 40 40, 50 ns (Note 14) 
Write command __ tow. 15 15 18 ns 
referenced to CAS 
lead time 
Data-in hold time ton 15 15 15 ns (Notes 13, 16) 
Data-in setup time tos 0 0 0 ns (Notes 13, 16) 
Masked write hold tMcH 0 0 0 ns 
time referenced to 
CAS 
Masked write | tucs 0 i?) 0 ns 
setup time 
referenced to CAS 
Masked write hold tMRH 0 0 0 ns 
time referenced to 
RAS © . 
Access time from toEA 20 20 20 ns (Notes 3, 4, 7, 8) 
OE ; 
OE data delay time toep 15 15 15 ns 
OE command hold toEH 0 0 0 ns 
time 
OE to RAS inactive toes 0 0 0 ns 
setup time 
Output turnoff toEz 0 15 0 15 te) 15 ns (Note 9) 
delay from OE 
Output disable torr 0 15 0 15 0 20 ns. _ (Note 9) 
from’ CAS high 
OE to output in toLz 0 ) 0 ns (Notes 5, 7) 
low-Z 
Fast-page read or | tpc 40 45 50 ns (Note 6) 
write cycle time 
Fast-page read- tprawc 85 90 100 ns (Note 6) 


modify-write cycle 
time with exended 
data output 
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AC Characteristics (cont) 





-60 -70 -80 
Parameter Symbol Min Max Min Max Min Max Unit Test Conditions 
Access time from trac 60 70 80 ns (Notes 3, 4, 7, 8) 
RAS 
RAS to column trap 15 30 15 35 15 40 ns (Note 8) 
address delay time 
Row address hold tRAH 10 10 10 ns 
time 
Column address tRAL 30 35 40 ns 
lead time 
referenced to RAS 
(rising edge) 
RAS pulse width tras 60 10,000 70 10,000 80 10,000 ns 
Fast-page RAS trasp 60 125,000 70 125,000 80 125,000 ns 
pulse width 
RAS pulse width trass 100 100 100 Ls For 42S4170A/L 
(CBR self-refresh 
mode) 
Random read or tro 120 130 150 ns (Note 6) 
write cycle time 
RAS to. CAS delay tacp 20 40 20 50 20 60 ns (Note 8) 
time 
Read command tRoH 0 0 0 ns (Note 11) 
hold time 
referenced to CAS 
Read command tres 0 0 0) ns 
setup time 
Refresh period trer 16 16 16 ms Addresses Ag - Ag 
RAS hold time tRHcp 35 40 45 ns 
referenced to CAS 
precharge 
RAS precharge trp 50 50 60 ns 
time 
RAS precharge trpc 0 0 0 ns 
CAS hold time 
RAS precharge taps 120 130 150 ns For 42841 70A/L 
time (CBR self- 
refresh mode) 
Read command taRH 0 0 0 ns (Note 11) 
hold time 
referenced to RAS 
RAS hold time trsH 20 20 25 ns 
Read-modify-write tawe 165 175 200 ns (Note 6) 
cycle time 
RAS to WE delay trwp 80 90 105 ns (Note 14) 
Write command tRWL 20 20 20 ns 
referenced to RAS 
lead time 
Rise and fall times tr 3 50 3 50 3 50 ns (Note 4) 
Write command twou 15 15 15 ns (Note 12) 
hold time 
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AC Characteristics (cont) 


-60 
Parameter Symbol Min Max Min 
Write command twos e) ie) 
setup time 
Write command twe 15 15 
pulse width 
Notes: 


(1) All voltages are referenced to GND. 


(2) An initial pause of 100 ps is required after power-up, followed by 
any eight RAS cycles, before proper device operation is 
achieved, 


(8) Ac measurements assume ty = 5 ns. 


(4) Vin (min) and Vi, (max) are reference levels for measuring the 
timing of input signals. Transition times are measured between 
Vin and Vj. 


6) loc: locos: loca, and loos depend on output loading and cycle 
rates. Specified values are obtained with the output open. loc3 
is measured assuming that all column address inputs are held at 
either a high level or a low level during RAS-only refresh cycles. 
loc4 is measured assuming that all column address inputs are 
switched only once during each fast-page cycle. 


(6) The minimum specifications are used only to indicate the cycle 
time at which proper operation over the full temperature range 
(Ta = 0 to +70°C) is assured. 


(7) Load = 2 TTL (-1 mA, +4 mA) loads and 100 pF. For 3.3-volt 
devices, Voy = 2.0 V and Vo, = 0.8 V (ac reference levels). 


(8) If trop = trop (max) and trap = 
defined by trac (max). 


lf taop 2 trop (max), access time is defined by tong (max). 
lf trap = trap (max), access time is defined by ta, (max). 


trap (max), access time is 


(9) torr (max) and togz (max) define the time at which the outputs 
become open-circuit and are not referenced to Voy or Voy. 
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Max Min Max Unit Test Conditions 


0 ns (Note 14} 


15 ns (Note 12) 


(10) The topp requirement should be applicable for RAS/CAS cycles 
preceded by any cycle. 


(11) Either taay or tracy must be satisfied for a read cycle. 


(12) Parameter twp is applicable for a delayed write cycle such as a 
read-write/read-modify-write cycle. For early write cycles, both 
twcs and twoH must be met. 


(13) These parameters are referenced to the falling edge of CAS for 
early write cycles and to the falling edge of UWE and LWE for 
delayed write or read-modify-write cycles. 


(14) twos, trwo. tewp, tcpwo and tawp are restrictive operating 
parameters in read-write/read-modify-write cycles only. If twos 


2 twcs (min), the cycle is an early write cycle and the data I/O 
pins will remain open-circuit throughout the entire cycle. If towp 
= towp (min), tawp = tawp (min), and tawp 2 tawp (min), then 
the cycle is a read-write cycle and the data I/O pins will contain 
data read from the selected cells. If neither of the above 
conditions is met, the condition of the data I/O pins (at access 
time and until CAS returns to Vj) is indeterminate. 


(15) Holding CAS low prior to RAS going negative will initiate a CAS 
before RAS refresh cycle (togp and tcyR must be satisfied). 


(16) The first WE falling edge is used as a reference for the setup and 
hold requirements of tpg and tpy (late write cycle). 


NV. KE Cc uPD424170A/L, 42S4170A/L 


Timing Waveforms 


Word Read Cycle 


Input/Output 
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Timing Waveforms (cont) 


Word Early-Write Cycle 
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Timing Waveforms (cont) 


Byte Early-Write Cycle 
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Timing Waveforms (cont) 


Word Late-Write Cycle 


UML, 


|<. tow. 


. | 


tps <—_—_—_——— tCwL 


tRWL 
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Timing Waveforms (cont) 


Byte Late-Write Cycle 


SMM 


toepD —> tos <<———— toy 


OK == XT 
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Timing Waveforms (cont) 


Word Read-Modify-Write Cycle 
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Timing Waveforms (cont) 


Byte Read-Modify-Write Cycle 


tasr 


~ T= = VM TIL. 
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Timing Waveforms (cont) 


Fast-Page Read Cycle 


oc PC 
tRCD tcas—> top tcas——> 


CAS \\ 


tcrP 





Address 


UWE 


LWE 


Input/ 
Output 


S3YL-77568 
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Timing Waveforms (cont) 


Word Fast-Page Write Cycle 
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Timing Waveforms (cont) 


Byte Fast-Page Write Cycle 


|_| 


cn TT TEE TE 
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Timing Waveforms (cont) 


Word Fast-Page Read-Modify-Write Cycle 


ey ree 


Wo! 


tcwL—>| tracs 
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Timing Waveforms (cont) 


Byte Fast-Page Read-Modify-Write Cycle 


rv — >| fi ae ice) (aie 


iia tCwL CWD “ 


tMCH 


Hepieesagarotl PR ial 


nal Bo 


oS towL 


“a 


{OED - the 


VO9- VO1g 


Notes: 
[1] WE = LWE or UWE for lower byte write and upper byte write cycles, respectively. 
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Timing Waveforms (cont) 


Hidden Retresh Cycle (Read Cycle) 


= mmf mo 


MLL, Mh, em 
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Timing Waveforms (cont) 


Byte Hidden-Refresh Cycle (Write) 


a el 





N. E C pPD424170A/L, 42S4170A/L 


Timing Waveforms (cont) 


RAS-Only Refresh Cycle 





a 


ONE CWE and OE = V; 


CAS Before RAS Refresh Cycle 


tRPC 
a 


= WILLIUMMLLLL 
a 


Notes: 
(1) Dix, UWE, LWE, OE and Addresses = Vj} or Vj. 
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Timing Waveforms (cont) 


CBR Selt-Refresh Cycle 


, High Impedance 


83Y1.-8508B 





26 


NEC 


NEC Electronics Inc. 


Description 


The pPD424190A/L and uPD42S4190A/L are fast-page 
dynamic RAMs organized as 262,144 words by 18 bits 
and designed to operate from a single power supply. 


Optional features are power supply voltage (+5 V or 
+3.3 V) and a new refresh mode called “self-refresh.” 


uPD Options 

424190A +5V 

424190L +3.3 V 

428S4190A +5 V; self-refresh mode 
4284190L +3.3 V; self-refresh mode 


Advanced polycide technology using stacked capaci- 
tors minimizes silicon area and provides high storage 
cell capacity, high performance, and high reliability. A 
single-transistor dynamic storage cell and CMOS cir- 
cuitry throughout ensure minimum power dissipation, 
while an on-chip circuit internally generates the 
negative-voltage substrate bias—automatically and 
transparently. 


Word writing (I/O, -1/O4g), upper byte writing (I/O49 - 
1/O4g), and lower byte writing (I/O, - [/Og) are all possi- 
ble using UWE and LWE. If UWE or LWE goes low during 
an early write cycle, all data outputs remain in high 
impedance, Either going low causes a byte write cycle, 
while bringing both low at the same time results in a 
word write cycle. UWE and LWE cannot be staggered 
within the same write cycle. 


Refreshing may be accomplished by a CAS before RAS 
refresh cycle (CBR) that internally generates the re- 
fresh address. RAS-only refresh cycles will also refresh 
all memory locations. 


The self-refresh mode is entered by holding RAS low for 
longer than 100 ys during a CBR cycle. Detection of this 
long RAS time starts an internal oscillator that main- 
tains data integrity without external clocking. The slow 
refresh reduces the data hold current to less than 200 
microamperes. Self-refresh mode is used with micro- 
processors that have a “sleep mode” for low-power 
applications such as notebook PCs. 


Features 


262,144 by 18-bit organization 

Single power supply (+5-volt or +3.3-volt) 
Self-refresh option (slow internal automatic refresh) 
Fast-page option 


oood 


60192 
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262,144 x 18-Bit 
Dynamic CMOS RAM 


0 Byte write control with UWE and LWE 

O Low power dissipation 

O CAS before RAS refreshing 

0 On-chip substrate bias generator 

0 TTL-compatible inputs and outputs 

Q Nonlatched, three-state outputs 

O Low input capacitance 

QO Multiplexed row and column addresses 

QO 1024 refresh cycles every 16 ms 

O 40-pin SOu, 40-pin ZIP, and 44/40-pin TSOP plastic 
packaging 


Pin Configurations 


40-Pin Plastic SOJ 


pPD424190A/L, 4284190A/L. 
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Pin Configurations (cont) 


40-Pin Plastic ZIP 44/40-Pin Plastic TSOP (Normal Pinouts) 
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VO42 

VO14 

VO15 

YO17 

GND 

, YO4 

VOg 

vec 

VOg 

VOg 

LWE 

foe bf RAS 
ie 77] 26 Ao 
a 233 28 A2 
b-| 80 Voc 
i 21930 Ag 
[ee 77] 34 AG 
ie HY.) AB_ 
cE" | 88 CAS 

33.40 VO10 





uPD424190A/L, 42S4190A/L 


Suffix -7KF In the package Kdentifie 
44/40-Pin Plastic TSOP (Reverse Pinouts) denotes normal pinout paiiance: : 
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Pin Identification 
Name 

Ag - Ag 

CAS 

VO, - VO4g 

OE 

RAS 

UWE and LWE 


Suffix -7JF in the package Identifier 
denotes reverse pinout sequence. 





Function 

Address inputs 

Column address strobe 
Data inputs and outputs 
Output enable 

Row address strobe 
Byte write enable 
Ground 


+ 5-volt or. + 3.3-volt power supply 





No connection 
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Ordering Information, ».PD424190A (+ 5-volt power) | 


Part Number 
uPD424190ALE-60 
LE-70 
LE-80 
UPD424190AV-60 
V-70 
V-80 
UPD424190AG5-60 
G5-70 
G5-80 
uPD424190AG5M-60 
G5M-70 
G5M-80 


RAS Access 
Time (max) 


60 ns 
70 ns 
80 ns 
60 ns 
70 ns 
80 ns 
60 ns 
70 ns 
80 ns 
60 ns 
70 ns 
80 ns 


Fast-Page Cycie 


Time (max) 
40 ns 
45 ns 
50 ns 
40 ns 
45 ns 
50 ns 
40 ns 
45 ns 
50 ns 
40 ns 
45 ns 
50 ns 


Ordering Information, p.PD424190L (+ 3.3-volt power) 


Part Number 
HPD424190LLE-A60 
LE-A70 
LE-A80 
UPD424190LV-A60 
V-A70 
V-A80 
UPD424190LG5-A60 
G5-A70 
G5-A80 
HPD424190LG5M-A60 
G5M-A70 
G5M-A80 


RAS Access 
Time (max) 


60 ns 
70 ns 
80 ns 
60 ns 
70 ns 
80 ns 
60 ns 
70 ns 
80 ns 
' 60 ns 
70 ns 
80 ns 


Fast-Page Cycle 
Time (max) 


40 ns 
45 ns 
50 ns 
40 ns 
45 ns 
50 ns 
40 ns 
45 ns- 
50 ns 
40 ns 
45 ns 
50 ns 
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CAS Access 
Time (max) 


20 ns 


20 ns 


20 ns 


20 ns 


CAS Access 
Time (max) 


20 ns 


20 ns 


20 ns 


20 ns 


Package 
40-pin plastic SOJ 


40-pin plastic ZIP 


44/40-pin plastic TSOP 
(normal pinouts) 


44/40-pin plastic TSOP 
(reverse pinouts) 


Package 
40-pin plastic SOJ 


40-pin plastic ZIP 


44/40-pin plastic TSOP 
(normal pinouts) 


44/40-pin plastic TSOP 
(reverse pinouts) 
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Ordering Information, »PD42S4190A (+ 5-volt power; self-refresh mode) 


Part Number 
PD42S4190ALE-60 
LE-70 
LE-80 
UPD42S4190AV-60 
V-70 
V-80 
UPD4284190AG5-60 
G5-70 
G5-80 
uUPD42S4190AG5M-60 
G5M-70 
G5M-80 


RAS Access 
Time (max) 


60 ns 
70 ns 
80 ns 
60 ns 
70 ns 
80 ns 
60 ns 
70 ns 
80 ns 
60 ns 
70 ns 
80 ns 


Fast-Page Cycle 
Time (max) 


40 ns 
45 ns 
50 ns 
40 ns 
45 ns 
50 ns 
40 ns 
45 ns 
50 ns 
40 ns 
45 ns 
50 ns 


CAS Access 
Time (max) 


20 ns 


20 ns 


20 ns 


20 ns 


Self-Refresh 


Current (max) 


300 pA 


300 A 


300 WA 


300 yA 


Ordering Information, ».PD42S4190L (+ 3.3-volt power; self-refresh mode) 


Part Number 
pPD42S4190LLE-A60 
LE-A70 
LE-A80 
UPD42S4190LV-A60 
V-A70 
V-A80 
UPD42S84190LG5-A60 
G5-A70 
G5-A80 
UPD4284190LG5M-A60 
G5M-A70 
G5M-A80 


RAS Access 
Time (max) 


60 ns 
70 ns 
80 ns 
60 ns 
70 ns 
80 ns 
60 ns 
70 ns 
80 ns 
60 ns 
70 ns 
80 ns 


Fast-Page Cycle 


Time (max) 
40 ns 
45 ns 
50 ns 
40 ns 
45 ns 
50 ns 
40 ns 
45 ns 
50 ns 
40 ns 
45 ns 
50 ns 


CAS Access 
Time (max) 


20 ns 


20 ns 


20 ns 


20 ns 


Self-Refresh 
Current (max) 


300 A 


300 yA 


300 pA 


300 yA 


Package 
40-pin plastic SOJ 


40-pin plastic ZIP 


44/40-pin plastic TSOP 
(normal pinouts) 


44/40-pin plastic TSOP 
(reverse pinouts) 


Package 
40-pin plastic SOJ 


40-pin plastic ZIP 


44/40-pin plastic TSOP 
(normal pinouts) 


44/40-pin plastic TSOP 
(reverse pinouts) 
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Block Diagram 





; Column Decoder 





Truth Table 
Function RAS [WE UWE CAS OE 1/0, - 1/09 1/049 ~ VO4g 
Standby Vin X X xX X High-Z High-Z 
Refresh cycle Vit X X Vin X High-Z High-Z 
Byte write cycle Vit Vit Vin Vit Vin Data input High-Z 
Vit Vin Vit ViL Vin High-Z Data input 

Word read cycle Vin Vin Vin Vit Vit Data output Data output 
Word write cycle Vit Vit Vit VIL Vin Data input Data input 

—_— Vit Vit ViL Vin Vin High-Z High-Z 





X = don't care. 
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Absolute Maximum Ratings Capacitance 


Voltage on any pin relative to GND Ta = 25°C; f= “1 Mz 





5-volt devices -1.0 to +7.0V Parameter Symbol Max Unit Pins Under Test 
wee ON OOOO ee OY Input capacitance Cy 5° “pF _— Addresses 
Operating temperature, Topr 0 to + 70°C Cp 7 pF IWE, UWE, 
Storage temperature, Tstg —55 to + 125°C _ OE, RAS 
Short-circuit output current, log Input/output Co 7 pF 1/04 - Org 

5-volt devices ; 50mA capacitance . 

3.3-volt devices 20 mA 
Power dissipation, Pp 1.0W 


Exposure to Absolute Maximum Ratings for extended periods may 
affect device reliability; exceeding the ratings could cause perma- 
nent damage. The device should be operated within the limits 
specified under DC and AC Characteristics. 


‘Recommended Operating Conditions 











5-Voit Devices 3.3-Volt Devices 
Parameter Symbol Min Typ Max Min Typ Max Unit 
Input voltage, high Vin 2.4 Voc + 1.0 2.0 Voc +0.3 V 
Input voltage, low Vit -1.0 0.8 -0.5 08 V 
Supply voltage Voc 4.5 5.0 5.5 3.0 3.3 3.6 Vv 
Ambient temperature Ta 0 +70 0 +70 °C 





Self-Refresh Current 
Ta = Oto +70°C; Vog = +5 V +10% (42S4190A) or +3.3 V +0.3 V (42S4190L) 


Symbol 42S4190A 42S4190L Conditions 


loc7 300 A max 100 pA max /O pins: Vin = Voo-0.2V; Vi_ = 0.2 V or open. 
Other input pins: Viy = Voc -0.2V; Vi_ s 0.2 V 
or open. tras 2 100 ys 











DC Characteristics; 5-Volt Devices 
Ta = 0 to +70°C; Veg = +5.0 V 10% 








Parameter Symbol Min Typ Max Unit — Test Conditions 
Standby current loce 2.0 mA RAS = CAS = Vip (min); lo = OmA 
| 300 pA RAS = CAS = Voc-02Vilo = OmA 
Input leakage current lay -10 10 UA Vin = 0 V to Voc; all other pins not under test = OV 
Output leakage current low) ~10 10 HA Dout disabled; Vout = OV toVeoc 
Output voltage, low VoL 0.4 V lo. = 42mA 
Output voltage, high Vou 2.4 Vv lon = ~-S mA 
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DC Characteristics; 3.3-Volt Devices 
Ta = 0 to +70°C; Vog = +3.3V 40.3 V 


Parameter Symbol Min Typ 
Standby current loca 

Input leakage current hy -5 

Output leakage current low) -5 

Output voltage, low VoL 

Output voltage, high Vou 2.4 


AC Characteristics 

Ta = 0 to +70°C 

UPD424190A, 42S4190A: Vog = +5.0 V +10% 
UPD424190L, 42S4190L: Vog = +3.3V +0.3V 


-60 
Parameter Symbol Min Max 
Operating current, loci (+5) 130 
er loos (+3.3) 120 
Operating current, loeg (+5) 130 
RAS-only refresh 
cycle, average loca (+ 3.3) 120 
Operating current, loca (+5) 110 
fast-page cycle, 
average loc4 (+ 3.3) 110 
Operating current, loos (+ 5) 140 
CAS before RAS 
refresh cycle, loes (+ 3.3) 130 
average 
Access time from taa 30 
column address 
Access time from tacp 35 
CAS precharge 
(rising edge) 
Column address tasc 0 
setup time 
Row address setup tase 0 
time 
Column address to tawD 50 
WE delay time 
Access time from toac 20 
CAS (falling edge) 
Column address toaH 15 
hold time 
CAS pulse width tons 20 10,000 
CAS hold time for tour 15 
CAS before RAS 
refreshing 
CAS hold time tous ~35 
(CBR self-refresh 


mode) 


Max 
500 
100 


0.4 


Min 


55 


15 


20 
15 


Unit 


LA 
BA 
HA 
HA 


10,000 


Max 
120 
110 
120 


110 
100 
100 
130 


120 


35 


40 


20 
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Test Conditions 
RAS = CAS = Viq (min); lo = OMA 

RAS = CAS = Voc-0.2V; lo = OmA 

Vin = 0 V to Voc; all other pins not under test = OV 


Dout disabled; Vout = OV to Voc 


lo, =-2.0 mA 
lon = -2.0 mA 
-80 

Min Max 
110 
100 
110 
100 
90 
90 
120 
110 
40 
45 

0 

0 

70 
20 

15 

20 10,000 

15 

-50 


Unit 
mA 


mA 


mA 


mA 


ns 


ns 


ns 


ns 


ns 


ns 


ns 


ns 


ns 


Test Conditions 


RAS, CAS cycling; tao = 


trac min (Note 5) 


RAS eycling; CAS = Vin 


min; tac = tac min 
(Note 5) 


RAS < Vi; CAS cycling; 


tpo = tpc min 
(Note 5) 


RAS cycling; CAS < Vy, 


max; tac = trac min 
(Note 5) 


(Notes 3, 4, 7, 8) 


(Notes 3, 4, 7, 8) 


(Note 14) 


(Notes 3, 4, 7, 8) 


(Note 15) 


For 42S4190A/L only 
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AC Characteristics (cont) 
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Parameter Symbol Min Max 
CAS to output in teLz 0 
low-Z 
Fast-page CAS top 10 
precharge time 
CAS precharge tcpn 10 
time 
Fast-page CAS _ topwo 55 
precharge to WE 
delay time 
CAS to RAS tcorp 10 
precharge time 
CAS hold time tosH 60 
CAS setup time for tosr 5 
CAS before RAS 
refresh cycle 
CAS to WE delay towpo 40 
Write command towL 15 
referenced to CAS 
lead time 
Data-in hold time tox 15 
Data-in setup time tps 0 
Masked write hold tucH 0 
time referenced to 
CAS 
Masked write tucs 0 
setup time 
Masked write hold turRH 0 
time referenced to 
RAS 
Access time from toEA 20 
OE 
OE data delay time toED 15 
GE command hold toEH i) 
time 
OE to RAS inactive toes 0 
setup time 
Output turnoff torz 0 15 
delay from OE 
Output disable torr 0 15 
from CAS high 
OE to output in toLz 0 
low-Z 
Fast-page read or tpc 40 
write cycle time 
Fast-page read- tprawc 85 


modify-write cycle 
time with exended 
data output 


10 


70 


40 
15 


15 


15 


45 


Max 


20 


15 


15 


Min 


75 


10 


80 


50 


15 


15 


15 


50 


100 


Max 


20 


20 


Unit 


ns 


ns 


ns 


ns 


ns 


ns 


ns 


ns 


ns 


ns 


ns 


ns 


ns 


ns 


ns 


ns 


ns 


ns 


ns 


ns 


ns 


ns 


ns 
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Test Conditions 
(Notes 4, 7) 


(Note 14) 


(Note 10) 


(Note 15) 


(Note 14) 


(Notes 13, 16) 
(Notes 13, 16) 


(Notes 3, 4, 7, 8) 


(Note 9) 
(Note 9) 
(Notes 5, 7) 
(Note 6) 


(Note 6) 
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AC Characteristics (cont) 
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Parameter Symbol Min Max 
Access time from trac 60 
RAS 
RAS to column trap 15 30 
address delay time 
Row address hold tRaH 10 
time 
Column address tRAL 30 
lead time 
referenced to RAS 
(rising edge) 
RAS pulse width tras 60 10,000 
Fast-page RAS trasp 60 125,000 
pulse width 
RAS pulse width trass 100 
(CBR self-refresh 
mode) 
Random read or tro 120 
write cycle time 
RAS to CAS delay trop 20 40 
time 
Read command tRoH 0 
hold time 
referenced to CAS 
Read command tres 0 
setup time 
Refresh period trer 16 
RAS hold time tRHcp 35 
referenced to CAS 
precharge 
RAS precharge trap 50 
time 
RAS precharge trpc ce) 
CAS hold time 
RAS precharge taps 120 
time (CBR self- 
refresh mode) 
Read command traH 0 
hold time 
referenced to RAS 
RAS hold time trsH 20 
Read-modify-write tawc 165 
cycle time 
RAS to WE delay tawp 80 
Write command tRWL 20 
referenced to RAS 
lead time 
Rise and fall times tT 3 50 
Write command twou 15 


hold time 


15 


10 


35 


70 
70 


100 


130 


20 


40 


50 


130 


175 


20 


15 


Max 


70 


35 


10,000 
125,000 


50 


16 


50 


Min 


15 
10 


40 


80 
80 


100 


150 


20 


45 


60 


150 


25 
200 


105 
20 


15 
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Max 
80 


40 


10,000 
125,000 


60 


16 


50 


Unit 


ns 


ns 


ns 


ns 


ns 


ns 


ys 


ns 


ns 


ns 


ns 


ms 


ns 


ns 


ns 


ns 


ns 


ns 


ns 


ns 


ns 


ns 


ns 


Test Conditions 
(Notes 3, 4, 7, 8) 


(Note 8) 


For 42S4190A/L 


(Note 6) 


(Note 8) 


(Note 11) 


Addresses Ag - Ag 


For 42S4190A/L 


(Note 11) 


(Note 6) 


(Note 14) 


(Note 4) 
(Note 12) 
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AC Characteristics (cont) 
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Parameter Symbol Min Max Min 
Write command twos 0 0 
setup time 
Write command twp 15 15 
pulse width 
Notes: 


(1) All voltages are referenced to GND. 


(2) Aninitial pause of 100 ys is required after power-up, followed by 
any eight RAS cycles, before proper device operation is 
achieved. 


(8) Ac measurements assume ty = 5ns. 


(4) Vin (min) and Vy, (max) are reference levels for measuring the 
timing of input signals. Transition times are measured between 
Vin and Vic. 


(5) loc1: loos: loca, and locos depend on output loading and cycle 
rates. Specified values are obtained with the output open. Iocg 
is measured assuming that all column address inputs are held at 
either a high level or a low level during RAS-only refresh cycles. 
loc4 is measured assuming that all column address inputs are 
switched only once during each fast-page cycle. 


(6) The minimum specifications are used only to indicate the cycle 
time at which proper operation over the full temperature range 
(Ta = 0 to + 70°C) is assured. 


(7) Load = 2 TTL ¢1 mA, +4 mA) loads and 100 pF. For 3.3-volt 
devices, Voy = 2.0 V and Vo, = 0.8 V (ac reference levels). 


(8) If tacp:s trop (max) and tran = trap (max), access time is 
defined by trac (max). 
if tacp 2 tacp (max), access time is defined by tcacg (max). 
lf trap = trap (max), access time is defined by ta, (max). 


(9) torr¢ (max) and togz (max) define the time at which the outputs 
become open-circuit and are not referenced to Voy or VoL. 
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Max Min Max Unit Test Conditions 
0 ns (Note 14) 
15 ns (Note 12) 


(10) The topp requirement should be applicable for RAS/CAS cycles 
preceded by any cycle. 


(11) Either tany or tacy must be satisfied for a read cycle. 


(12) Parameter twp is applicable for a delayed write cycle such as a 
read-write/read-modify-write cycle. For early write cycles, both 
twos and twcoH must be met. 


(13) These parameters are referenced to the falling edge of CAS for 
early write cycles and to the falling edge of WE for delayed write 
or read-modify-write cycles. 


(14) twes, tawp, tewo, tcopwo and tawp are restrictive operating 
parameters in read-write/read-modify-write cycles only. If twos 


= twcs (min), the cycle is an early write cycle and the data I/O 
pins will remain open-circuit throughout the entire cycle. If towp 
= town (min), tawp = tawop (min), and tawp = tawp (min), then 
the cycle is a read-write cycle and the data I/O pins will contain 
data read from the selected cells. If neither of the above 
conditions is met, the condition of the data I/O pins (at access 
time and until CAS returns to Vj) is indeterminate. 


(15) Holding CAS low prior to RAS going negative will initiate a CAS 
before RAS refresh cycle (tcsp and tcp, must be satisfied). 


(16) The first WE falling edge is used as a reference for the setup and 
hold requirements of tpg and tp} (late write cycle). 
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Timing Waveforms 


Word Read Cycle 
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Timing Waveforms (cont) 


Word Early-Write Cycle 
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Timing Waveforms (cont) 


Byte Early-Write Cycle 
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Timing Waveforms (cont) 


Word Late-Write Cycle 





eee: | 
MLL) 


al 


<—_—_—_——— tow. 


m (UN, 


tps <____—_—— tow. 


tRWL 


tps : ; 
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Timing Waveforms (cont) 


Byte Late-Write Cycle 


tOEH 





a | cr 


- to—eD >| t 





tpH 





63YL-6138B 
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Timing Waveforms (cont) 


Word Read-Modify-Write Cycle 


tees twP 
4 


mm MLL, WHHMMMLL, 


on ~- =! 


tAA 


MLL LL 
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Timing Waveforms (cont) 


Byte Read-Modify-Write Cycle 


TRAD tasc 
taSR {RAH 


DDO = KUL MLLLLLILLLLLLILLLLLL LL 


= 


a ot el 
OK_= XIII. 
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Timing Waveforms (cont) 


Fast-Page Read Cycle 


en 

tRCcD-——> tcas-—> top 
\ Vi 
tosH——_— |. 


tRAD 
t tCAH , 


, taSR taso,| | tasc_|| tcaH tasc toa 


ad KE NHK = HOD =—7 CD 


tcrP tcrP 


tRRH 
tRCH <~tacs 
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Timing Waveforms (cont) 


Word Fast-Page-Write Cycle 


tasc_ || tcaH 


tna tCAH ca ot ! 
oe ~ = JOM Cah ID 
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Timing Waveforms (cont) 
Byte Fast-Page Write Cycle 


tasc tCAH 


a a YY, 


Si 


ray 
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Timing Waveforms (cont) 
Word Fast-Page Read-Modify-Write Cycle 


tcwL—> 


MMM 
a ae ee 
| 
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Byte Fast-Page Read-Modify-Write Cycle 


p Gol a, bing 
ne wt ! tae | be ine — ao ana LI] 
as : tow. >| be hos ca ee 
me tcowo—> ry 2 ere _ el 
om cal tf 

iM | |. twp tMRH 

taWD —>| MICH 
trcs | —tRCs 


om ali _ 


[fc 


| VO19-VO1g 


Notes: 
[1] WE = LWE or UWE for lower byte write and upper byte write cycles, respectively. 
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Timing Waveforms (cont) 


Hidden Refresh Cycle (Read Cycle) 


tCAH | 


nares 1 A NI) 


cof 
' 7 X 
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Timing Waveforms (cont) 


Byte Hidden-Refresh Cycle (Write) 










| 
0 


verve LLL IMM: 


S3YL-61428 
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Timing Waveforms (cont) 


RAS Refresh Cycle 


T= NULL 


ONE LWE and OE = V; IL 





CAS Before RAS Refresh Cycle 
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Timing Waveforms (cont) 
CBR Self-Refresh Cycle 
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Description 


The pPD424260A/L and uPD42S4260A/L are fast-page 
dynamic RAMs organized as 262,144 words by 16 bits 
and designed to operate from a single power supply: 


Optional features are power supply voltage (+5 V or 
+3.3 V) and a new refresh mode called “self-refresh.” 


UPD Options 

424260A +5V 

424260L +3.3V 

42S4260A +5 V; self-refresh mode 
42S84260L +3.3 V; self-refresh mode 


Advanced polycide technology using stacked capaci- 
tors minimizes silicon area and provides high storage 
cell capacity, high performance, and high reliability. A 
single-transistor dynamic storage cell and CMOS cir- 
cuitry throughout ensure minimum power dissipation, 
while an on-chip circuit internally generates the 
negative-voltage substrate Dias automaticaly and 
transparently. — 


The three-state I/O pins are controlled by UCAS and 
LCAS independent of RAS. After a valid read or read- 
modify-write cycle, upper or lower byte data is held on 
the outputs by maintaining UCAS or LCAS low. Data 
outputs return to high impedance when either UCAS or 
LCAS goes high. Fast-page read and write cycles can 
be executed by cycling UCAS or LCAS. 


Refreshing may be accomplished by a CAS before RAS 
refresh cycle (CBR) that internally generates the re- 
fresh address. RAS-only refresh cycles will also refresh 
all memory locations. 




















The self-refresh mode is entered by holding RAS low for 
longer than 100 us during a CBR cycle. Detection of this 
long RAS time starts an internal oscillator that main- 
tains data integrity without external clocking. The slow 
refresh reduces the data hold current to less than 200 
microamperes. Self-refresh mode is used with micro- 
processors that have a “sleep mode” for low-power 
applications such as notebook PCs. 


Features 


oO 


262,144 by 16-bit organization 

Single power supply (+5-volt or +3.3-volt) 
Self-refresh option (slow internal automatic refresh) 
Fast-page option 

Byte read/write control with UCAS and LCAS 


ooaoa 


60149-1 





mMPD424260A/L, 42S4260A/L 
262,144 x 16-Bit 
Dynamic CMOS RAM 


O Low power dissipation 

QO CAS before RAS refreshing 

0 On-chip substrate bias generator 

0 TTL-compatible inputs and outputs 

O Nonlatched, three-state outputs 

O Low input capacitance 

Q Multiplexed row and column addresses 

QO 512 refresh cycles every 8ms 

GO 40-pin SOu, 40-pin ZIP, and 44/40-pin TSOP plastic 
packaging 


Pin Configurations 


40-Pin Plastic SOJ 
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Pin Configurations (cont) 


40-Pin Plastic ZIP 44/40-Pin Plastic TSOP (Reverse Pinouts) 


pu PD424260A/L, 42S4260A/L 


ext 
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44/40-Pin Plastic TSOP (Normal Pinouts) 


Suffix -7KF In the package Identifier 
denotes reverse pinout sequence. 
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Pin Identification 


Name Function 

Ago - Ag Address inputs 

VO, - /O4g Data inputs and outputs 

TCAS, UCAS Column address strobes 

OE Output enable 

RAS Row address strobe 

WE Write enable 

GND Ground 

Veco +5-voit or +3.3-volt power supply 
NC No connection 


Suffix -7JF In the package Identifier 
denotes normal pinout sequence. 
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Ordering Information, »PD424260A (+ 5-volt power) 


Part Number 
UPD424260ALE-60 
LE-70 
LE-80 
UPD424260AV-60 
V-70 
V-80 
UPD424260AG5-60 
G5-70 
G5-80 
UPD424260AG5M-60 
G5M-70 
G5M-80 


Ordering Information, p».PD424260L (+ 3.3-volt power) 


RAS Access 
Time (max) 


Part Number 
UPD424260LLE-A60 
LE-A70 
LE-A80 
PD424260LV-A60 
V-A70 
V-A80 
uUPD424260LG5-A60 
G5-A70 
G5-A80 
UPD424260LG5M-A60 
G5M-A70 
G5M-A80 


RAS Access 
Time (max) 


60 ns 
70 ns 
80 ns 
60 ns 
70 ns 
80 ns 
60 ns 
70 ns 
80 ns 
60 ns 
70 ns 
80 ns 


60 ns 
70 ns 
80 ns 
60 ns 
70 ns 
80 ns 
60 ns 
70 ns 
80 ns 
60 ns 
70 ns 
80 ns 


Fast-Page Cycle 
Time (max) 


40 ns 
45 ns 
50 ns 
40 ns 
45 ns 
50 ns 
40 ns 
45 ns 
50 ns 
40 ns 
45 ns 
50 ns 


Fast-Page Cycle 
Time (max) 


40 ns 
45 ns 
50 ns 
40 ns 
45 ns 
50 ns 
40 ns 
45 ns 
50 ns 
40 ns 
45 ns 
50 ns 


HPD424260A/L, 42S4260A/L 


CAS Access 
Time (max) 


20 ns 


20 ns 


20 ns 


20 ns 


CAS Access 
Time (max) 


20 ns 


20 ns 


20 ns 


20 ns 


Package 
40-pin plastic SOJ 


40-pin plastic ZIP 


44/40-pin plastic TSOP 
(normal pinouts) 


44/40-pin plastic TSOP 
(reverse pinouts) 


Package 
40-pin plastic SOJ 


40-pin plastic ZIP 


44/40-pin plastic TSOP 
(normal pinouts) 


44/40-pin plastic TSOP 
(reverse pinouts) 


uPD424260A/L, 42S4260A/L 


Ordering Information, »PD42S4260A (+ 5-volt power; self-refresh mode) 


Part Number 
pPD42S4260ALE-60 
LE-70 
LE-80 
UPD42S4260AV-60 
V-70 
V-80 
uPD42S4260AG5-60 
G5-70 
G5-80 
UPD42S4260AG5M-60 
G5M-70 
G5M-80 


RAS Access 
Time (max) 


60 ns 
70 ns 
80 ns 
60 ns 
70 ns 
80 ns 
60 ns 
70 ns 
80 ns 
60 ns 
70 ns 
80 ns 


Fast-Page Cycle 
Time (max) 


40 ns 
45 ns 
50 ns 
40 ns 
45 ns 
50 ns 
40 ns 
45 ns 
50 ns 
40 ns 
45 ns 
50 ns 


CAS Access 
Time (max) 


20 ns 


20 ns 


20 ns 


20 ns 


Self-Refresh 
Current (max) 


300 LA 


300 WA 


300 yA 


300 yA 


Ordering Information, .PD42S4260L (+ 3.3-volt power; self-refresh mode) 


Part Number 
UPD42S4260LLE-A60 
LE-A70 
LE-A80 
uUPD42S4260LV-A60 
V-A70 
V-A80 
LPD42$4260LG5-A60 
G5-A70 
G5-A80 
UPD42S4260LG5M-A60 
G5M-A70 
G5M-A80 


RAS Access. . 


Time (max) 
60 ns 
70 ns 
80 ns 
60 ns 
70 ns 
80 ns 
60 ns 
70 ns 
80 ns 
60 ns 
70 ns 
80 ns 


Fast-Page Cycle 
Time (max) 


40 ns 
45 ns 
50 ns 
40 ns 
45 ns 
50 ns 
40 ns 
45 ns 
50 ns 
40 ns 
45 ns 
50 ns 


CAS Access 
Time (max) 


20 ns 


20 ns 


20 ns 


20 ns 


Self-Refresh 
Current (max) 


100 pA 


100 pA 


100 pA 


100 pA 


NEC 


Package 
40-pin plastic SOJ 


40-pin plastic ZIP 


44/40-pin plastic 
TSOP 
(normal pinouts) 


44/40-pin plastic 
TSOP 
(reverse pinouts) 


Package 
40-pin plastic SOJ 


40-pin plastic ZIP 


44/40-pin plastic 
TSOP 
(normal pinouts) 


44/40-pin plastic 
TSOP 
(reverse pinouts) 
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Block Diagram 


’ CAS Before RAS 


internal Refresh 
Clock 


Data /O Bus 


Sense Amplifier 


Memory Array 


Multiplexer 
Address Buffer 
Row Decoder 








Truth Table 
Function RAS CCAS UCAS WE OE 1/0, - /Og 1/Og - VO4g 
Standby H X X X X High-Z High-Z 
Refresh cycle L H H X X High-Z High-Z 
Byte read cycle L L H H L Data output High-Z 

L H L H L High-Z Data output 
Word read cycle L L L H L Data output . Data output 
Byte write cycle L L H L H Data input _ 

L H L L H ~~ Data input 
Word write cycle L L L L H Data input Data input 

— L L L H H High-Z High-Z 


X = dontt care. 
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Absolute Maximum Ratings Capacitance 


Voltage on any pin relative to GND Ke eee t= Mie 





424260A, 42S4260A -~1.0 to +7.0 V Parameter Symbol Max Unit Pins Under Test 
ae NCR ne os See ee OOM Input capacitance Cy 5 pF Addresses 
Operating temperature, Topr 0 to + 70°C Cp 7. pF TCAS, UCAS, WE, 
Storage temperature, Tstg -55 to + 125°C OE, RAS 
Short-circuit output current, log Input/output Co 7 pF VO, - VO4g 

424260A, 42S4260A 50 mA capacitance ; ; 

424260L, 42S4260L 20 mA 
Power dissipation, Pp 1.0W 


Exposure to Absolute Maximum Ratings for extended periods may 
affect device reliability; exceeding the ratings could cause perma- 
nent damage. The device should be operated within the limits 
specified under DC and AC Characteristics. 


Recommended Operating Conditions 





424260A, 42S4260A 424260L , 42S4260L 
Parameter Symbol Min Typ Max Min Typ Max Unit 
Input voltage, high Vin 2.4 Veco + 1.0 2.0 Voc +0.3 V 
Input voltage, low Vit -1.0 0.8 -0.5 0.8 Vv 
Supply voltage Voc 4.5 5.0 5.5 3.0 3.3 3.6 V 
Ambient temperature Ta ie) +70 0 +70 °C 





Self-Refresh Current 
Ta = Oto +70°C; Vog = +5 V +10% (42S4260A) or +3.3 V +0.3 V (42S4260L) 


Symbol 42S4260A 42S4260L Conditions 








loo7 300 uA max 100 vA max /O pins: Vi = Voo- 0.2 V; Vi_ s 0.2 V or open. 
Other input pins: Vip, = Voo-02V; Vy s 0.2V 
or open. tras 2 100 us 5 





DC Characteristics; 1PD424260A, 42S4260A 
Ta = Oto +70°C; Veg = +5.0 V +10% 








Parameter Symbol Min Typ Max Unit Test Conditions 
Standby current loce 2.0 mA RAS = CAS & Viy (min); lo = OMA 
300 HA RAS = CAS = Vog~ 0.2 V; Ilo = OMA 
Input leakage current I) -10 10 uA Vin = 0 V to Voc; all other pins not under test = OV 
Output leakage current low -10 10 HA Dout disabled; Vout = 0V toVoc 
Output voltage, low VoL 0.4 Vv lor = 42mA 
Output voltage, high Vou 2.4 Vv lon = -S5 mA 


oO 


NEC 


DC Characteristics; 14PD424260L, 42S4260L 


Ta = 0 to + 70°C; Veg = +3.3V +03 V 
Symbol 


Parameter 


Standby current 


Input leakage current 


Output leakage current 


Output voltage, low 


Output voltage, high 


lece 


hy 

lov) 
VoL 
Vou 


AC Characteristics 


Ta = Oto +70°C 


UPD424260A, 42S4260A: Veg = +5.0 V +10% 
UPD424260L, 42S4260L: Veg = +3.3V £0.3V 


-60 


Parameter 


Operating current, 
average 


Operating current, 
RAS- only refresh 
cycle, average 


Operating current, 
fast-page cycle, 
average 


Operating current, 
CAS before RAS 
refresh cycle, 
average 


Access time from 
column address 


Access time from 
CAS precharge 
(rising edge) 
Column address 
setup time 


Row address setup 
time 

Column address to 
WE delay time 
Access time from 
CAS (falling edge) 
Column address 
hold time 

CAS pulse width 


CAS hold time for 
CAS before RAS 
refreshing 


CAS hold time 
(CBR self-refresh 
mode) 


Symbol 
loos (+5) 
loc (+3.3) 
Ices (+5) 


loog (+3.3) 
loc4 (+5) 
loca (+ 3.3) 


locos (+5) 
locs (+3.3) 


taA 


tacp 


tase 
tasr 
tawD 
tcac 
tcaH 
tcas 


tcHR 


tcus 


Min 


-5 


2.4 


50 


15 


20 
15 


Typ 


Max 
140 
130 
140 


130 
90 
90 
140 


130 


30 


35 


20 


10,000 


Max 
500 
100 


0.4 


20 
15 


Unit 
HA 
HA 
HA 
UA 


40 


10,000 
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Test Conditions 
RAS = CAS = Viyj (min); lo = OMA 
RAS = CAS 2 Voc -0.2V; lo = OMA 


Vin = 0 V to Vcc; all other pins not under test = OV 


Dour disabled; Voyt = OV to Voc 


lol =2.0 mA 
loy = -2.0 mA 
-80 
Min Max 
120 
110 
120 
110 
70 
70 
120 
110 
40 
45 
0 
0 
70 
20 
15 
20 10,000 
15 
-50 


Unit 
mA 


mA 


mA 


mA 


ns 


ns 


ns 


ns 


ns 


ns 


ns 


ns 


ns 


Test Conditions 


RAS, CAS cycling; taco = 


tac min (Note 5) 


RAS cycling; CAS = Vin 


min; tac = tro min 
(Note 5) 


RAS =< Vy; CAS cycling; 


tpo = tpo min 
(Note 5) 


RAS cycling; CAS < Vi. 


max; tac = tao min 
(Note 5) 


(Notes 3, 4, 7, 8) 


(Notes 3, 4, 7, 8) 


(Note 14) 


(Notes 3, 4, 7, 8) 


(Note 15) 


For 42S4260A/L only 
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AC Characteristics (cont) 


NEC 





modify-write cycle 
time with exended 
data output 


tpRwc 85 


Parameter Symbol . Min. Max Min Max Min. Max .” Unit Test Conditions 

CAS to output in toLz 0 0 0 ns (Notes 4, 7) 

low-Z 

Fast-page CAS top 10 . 10 10 ns 

precharge time = 

CAS precharge topn 10 10 10 ns 

time 

Fast-page CAS _ tcpwo 55 60 75 ns (Note 14) 

precharge to WE 

delay time 

CAS to RAS torp 10 10 10 ns (Note 10) 

precharge time 

CAS hold time tosH 60 70 80 ns 

CAS setup time for tosr 5 5 5 ns (Note 15) 

CAS before RAS 

refresh cycle 

CAS to WE delay _ towo 40 40 50 “ns (Note 14) 

Write command tow. 15 15 15 ns 

referenced to CAS 

lead time 

Data-in hold time tou 15 15 15 ns (Notes 13, 16) 

Data-in setup time tos (0) 0 ns (Notes 13, 16) 

Masked write hold tMRH 0 0 ns 

time referenced to 

RAS 

Access time from toEA 20 20 20 ns (Notes 3, 4, 7, 8) 

OE 

OE data delay time toED 7 45 15 15 ns 

OE command hold toEH 0 0 0 ns 

time 

OE to RAS inactive toes 0 0 0 ns 

setup time 

Output turnoff toEz 0 15 0 15 0 15 ns (Note 9) 

delay from OE. 

Output disable torr 0 15 0 15 0 20 ns (Note 9) 

from CAS high 
_ GE to output in toLz 0 0 0 ns (Notes 5, 7) 

low-Z 

Fast-page read or tpc 40 45 50 ns (Note 6) 

write cycle time 

Fast-page read- 90 100 ns (Note 6) 





NEC 


AC Characteristics (cont) 
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-60 -70 -80 
Parameter Symbol Min Max Min Max Min Max Unit Test Conditions 
Access time from. trac 60 70 80 ns (Notes 3, 4, 7, 8) 
RAS 
RAS to column tRaD 15 30 15 35 15 40 ns (Note 8) 
address delay time 
Row address hold tRAH 10 10 10 ns 
time 
Column address . tRAL 30 35 40 ns 
lead time 
referenced to RAS 
(rising edge) 
RAS pulse width tras 60 10,000 70 10,000 80 10,000 ns 
Fast-page RAS trRasp 60 125,000 70 125,000 80 125,000 ns 
pulse width 
RAS pulse width - trass * 400 100 100 Us For 42S4260A/L 
(CBR self-refresh J 
mode) 
Random read or tro 120 130 150 ns (Note 6) 
write cycle time 
RAS to CAS delay trop 20 40 20 50 20 60 ns (Note 8) 
time 
Read command tRoH ) 0 ) ns (Note 11) 
hold time 
referenced to CAS 
Read command tacos 0 0 0) ns 
setup time ; 
Refresh period tReF 8 8 8 ms Addresses Ag - Ag 
RAS hold time tRocp 35 40 45 ns 
referenced to CAS 
precharge 
RAS precharge trp 50 50 60 ns 
time 
RAS precharge treo 0 0 0 ns 
CAS hold time 
RAS precharge taps 120 130 150 ns For 42S4260A/L 
time (CBR self- 
refresh mode) 
Read command taRH 0 0 0 ns (Note 11) 
hold time 
referenced to RAS 
RAS hold time trsH 20 20 25 ns 
Read-modify-write trwe 165 175 200 ns (Note 6) 
cycle time 
RAS to WE delay tawp 80 90 105 ns (Note 14) 
Write command tRWL 20 20 20 ns 
referenced to RAS 
lead time 
Rise and fall times tr 3 50 3 50 3 50 ns (Note 4) 


pPD424260A/L, 42S4260A/L NE Cc 


AC Characteristics (cont) 





-60 -70 -80 
Parameter Symbol Min Max Min Max Min Max Unit Test Conditions 
Write command twoH 15 15 15 ns (Note 12) 
hold time 
Write command twos 0 0 0 ns (Note 14) 
setup time 
Write command twp 15 15 15 ns (Note 12) 
pulse width 
Notes: 

(1) All voltages are referenced to GND. (11) Either tary or tacy must be satisfied for a read cycle. 

(2) Aninitial pause of 100 us is required after power-up, followed by (12) Parameter twp is applicable for a delayed write cycle such as.a 
any eight RAS cycles, before proper device operation is read-write/read-modify-write cycle. For early write cycles, both 
achieved. twos and two must be met. 

(3) Ac measurements assume ty = 5ns. (13) These parameters are referenced to the falling edge of one of the 


CAS signals for early write cycles and to the falling edge of WE 


4) V i V f | f ing th 
AA), are (rnin) 6g VIL meee) Ste tetotenie. levels tor mensuring the for delayed write or read-modify-write cycles. 


timing of input signals. Transition times are measured between 
Vin and Vi. (14) twos, tawo: tcwp: tcpwo and tawp are restrictive operating 
parameters in read-write/read-modify-write cycles only. If twos 
2 twcs (min), the cycle is an early write cycle and the data I/O 
pins will remain open-circuit throughout the entire cycle. If towp 
2 towp (min), tawp = trwp (min), and tawp = tawp (min), then 
the cycle is a read-write cycle and the data I/O pins will contain 
data read from the selected cells. If neither of the above 
conditions is met, the condition of the data I/O pins (at access 


(5) loot loos: loca, and logs depend on output loading and cycle 
rates. Specified values are obtained with the output open. Iocg 
is measured assuming that all column address inputs are held at 
either a high level or a low level during RAS-only refresh cycles. 
loc4 is measured assuming that all column address inputs are 
switched only once during each fast-page cycle. 


(6) The minimum specifications are used only to indicate the cycle time and until CAS returns to Vj) is indeterminate. 
F : ti t t oly tae peat 
oe on alr Sree Re he temper ents range (15) Holding LCAS or UCAS low prior to RAS going negative will 
initiate a CAS before RAS refresh cycle (togp and toy_ must be 
(7) Load = 2 TTL (-1 mA, +4 mA) loads and 100 pF. For 3.3-volt satisfied). 


ices, = 2.0V, VoL = O8V. xf Nae ; 
Goyines/ On O08 ¥ (16) The first WE falling edge is used as a reference for the setup and 


(8) If trep <= trop (max) and tpap <= trap (max), access time is hold requirements of tasc, tcan: tps, and toy (early write cycle). 
defined by trac (max). If trop = trop (max), access time is 
defined by toac (max); if trap 2 trap (max) access time is 
defined by taa (max). 


(17) The first CAS falling edge is used as a reference for the start of 
tacp (CAS precharge access time). 


(9) torr (max) and togz (max) define the time at which the outputs 
become open-circuit and are not referenced to Voy or Vo. 


(10) The topp requirement should be applicable for RAS/CAS cycles 
preceded by any cycle. 
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Timing Waveforms 


Word Read Cycle 


VO1-VO1g 
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Timing Waveforms (cont) 


Byte Read Cycle 


Note: 
[1] Nonactive CAS = Vip, 
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Timing Waveforms (cont) 


Word Early-Write Cycle 


YO1-VO4g 


Note: 
(t] OE = don't care. 
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Timing Waveforms (cont) 


Byte Early-Write Cycle 


VOg- VOig 


Notes: 


[1] Nonactive CAS = Viz, 


[2] OE = dont care. 
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Timing Waveforms (cont) 


Word Late-Write Cycle 
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Timing Waveforms (cont) 


Byte Late-Write Cycle 


VO9g- VO1g ' X \\ XXX) 


XX | 


Note: 
[1} Nonactive CAS = Vin, 
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Timing Waveforms (cont) 


Word Read-Modify-Write Cycle 


tasR 


11), Gea 1), 


=U 


tDH 
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Timing Waveforms (cont) 


Byte Read-Modify-Write Cycle 


VOg-VO16 


High Impedance 


Note: 


[1] Nonactive CAS = Vjy, 





NEC 


Timing Waveforms (cont) 


Word Fast-Page Read Cycle 


tcsH 


t 
‘cats 6s toan 
taASR tasc 


tRAD 


yPD424260A/L, 42S4260A/L 


tRSH 
tcRP 


tcas top tcas 


tRAL 


tasc tCAH 
tasc tCAH 


naan XXXL Rom IKXKM commas KOXXKXK cote XXX) hay ioe 
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Timing Waveforms (cont) 


Byte Fast-Page Read Cycle 


tap. 


tRSH 


VOq-VOg 


VOg- VO4g 


Note: 
[1] Nonactive CAS = Vj}, 
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Timing Waveforms (cont) 


uUPD424260A/L, 42S4260A/L 


Word Fast-Page Early-Write Cycle 


tRAH tRAL 
i- tCAH tasc tcaH 


{ 
. tasr .. tase tasc — 


\AA) A) KAKA) VAAAK? AMAAAAA/ 
KAHL Pow KOO cote WX ee ee 


T eee renee | 


| 


VOz-VO1g 





Note: : ; 
[1] OE = don't care. 
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Timing Waveforms (cont) 


Byte Fast-Page Early-Write Cycle 


VOg - VO1g 


Notes: 


[1] Nonactive CAS = Vjp4, 


[2] OF = dont care. 
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Timing Waveforms (cont) 


Word Fast-Page Late-Write Cycle 





63AD-7470B 
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Timing Waveforms (cont) 


Byte Fast-Page Late-Write Cycle 


ARKERKKRR ALS. 09.9.9.0.9 
CRANKY RR ARK 


ATAVAVATA' 


KXKKKKXKERKEY) 
rene 
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Timing Waveforms (cont) 


Byte Fast-Page Read/Write Cycle 


tasr > < tasc 


) 
) 1 KXXEXEXERR) KXXKXR 
ness DNL now IKXAXL OM ROXKXAXA YA. comma ROK A) Rea 


| | 
| tawD L-twos : 
tacs 3 tow. = 


: = E 
| | |, 


NY 
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Timing Waveforms (cont) 


Word Fast-Page Read-Modify-Write Cycle 


Write-per-bit 
function 
not shown 
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Timing Waveforms (cont) 


Byte Fast-Page Read-Modify-Write Cycle 


10.00,00.000000000.0 
cal Xe 


ALN ZS 


tawD 
tRcs 


| a 
x tOEA ¥ tOEA 
| i I | | | 
ie at aa icon rl 


| || Mm ot | 


CVO VOY. 0000000000000 00 0000000000000 
VCC erererenmnnmrnnrnnnnnnnnnne 


VAKKKAKAKK A? 
Crna WON ‘ 
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Timing Waveforms (cont) 


Hidden Retresh Cycle (Word Read Cycle) 


au. a 


5 gamle 
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Timing Waveforms (cont) 


Hidden-Refresh Cycle (Word Write Cycle) 


LCAS 


Ss Pe nl 
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Timing Waveforms (cont) 


Hidden-Retresh Cycle (Byte Write Cycle) 


“TILL. WZ. 
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Timing Waveforms (cont) 


RAS-Only Retresh Cycle 






tras 


msmen KILL, 


CAS Before RAS Refresh Cycle 


MILL LL LLL 


mses LLL 


Note: 

(1) if either UCAS or LCAS Input is held 
low before RAS transitions low, the 
on-chip CBR refresh circuit is enabled 
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Timing Waveforms (cont) 


CBR Selt-Refresh Cycle 
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NEC 


NEC Electronics Inc. 


Description 


The pPD424263A/L and yPD4284263A/L are fast-page 


dynamic RAMs with the write-per-bit option, organized 
as 262,144 words by 16 bits, and designed to operate 
from asingle power supply. 


Optional features are power supply voltage (+5 V or 
+3.3 V) and a new refresh mode called “self-refresh.” 


UPD Options 

424263A ~+5V 

424263L +3.3 V 

42S4263A +5 V; self-refresh mode 
4284263L +3.3 V; self-refresh mode 


Advanced polycide technology using stacked capaci- 


tors minimizes silicon area and provides high storage 
cell capacity, high performance, and high reliability. A 
single-transistor dynamic storage cell and CMOS cir- 
cuitry throughout ensure minimum power dissipation, 
while an on-chip circuit internally -generates the 
negative-voitage substrate bias—automatically and 
transparently. iS 


The three-state I/O pins are controlled by UCAS and 
LCAS independent of RAS. After a valid read or read- 
modify-write cycle, upper or lower byte data is held on 
the outputs by maintaining UCAS or LCAS low. Data 
outputs return to high impedance when either UCAS or 
LCAS goes high, Fast-page read and write cycles. can 
be executed by cycling UCAS or LCAS. 


Refreshing may be accomplished by a CAS before RAS 
refresh cycle (CBR) that internally generates the re- 
fresh address. RAS-only refresh cycles will also refresh 
all memory locations. 











The self-refresh mode is entered by holding RAS low for 
longer than 100 us during a CBR cycle. Detection of this 
long RAS time starts an internal-oscillator that main- 
tains data integrity without external clocking. The slow 
refresh reduces the data hold current to less than 200 
microamperes. Self-refresh mode is used with micro- 
processors that have a “sleep mode” for low-power 
applications such as notebook PCs. 


Features 


0 262,144 by 16-bit organization 

QO Single power supply (+5-volt or +3.3-volt) 
Self-refresh option (slow internal automatic refresh) 
QO Fast-page option 


oO 


60182 


uPPD424263A/L, 42S4263A/L 
262,144 x 16-Bit 
Dynamic CMOS RAM 


Byte read/write control with UCAS and LCAS 
Write-per-bit option; independent write control on 
16 I/O's 

Low power dissipation 

CAS before RAS refreshing 

On-chip substrate bias generator 
TTL-compatible inputs and outputs 

Nonlatched, three-state outputs 

Low input capacitance 

Multiplexed row and column addresses 

512 refresh cycles every 8ms 

40-pin SOu, 40- -pin ZIP, and 44/40-pin TSOP plastic 
packaging 


o0 


bDoooanaoanaanda 


Pin Configurations 


40-Pin Plastic SOJ 


uPD424263A/L, 4284263A/L 














uPD424263A/L, 42S4263A/L N: E Cc 


Pin Configurations (cont) 





40-Pin Plastic ZIP 44/40-Pin Plastic TSOP (Reverse Pinouts) 


»PD424263A/L, 42S4263A/L 


Suffix -SKF In the package identifier 
denotes reverse pinout sequence. 





Pin Identification 





Ao-Ag Address inputs — 

VO, - VO4g Data inputs. and outputs 

UCAS, UCAS Column address strobes 

OE Output enable 

RAS Row address strobe 

WE Write enable 

GND’ Ground 

Voc +5-volt or +3.3-volt power supply 
NC No connection | 





Suffix -SJF in the package Identifier 
denotes normal pinout sequence. 
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Ordering Information, .PD424263A (+ 5-volt power) 








RAS Access Fast-Page Cycle CAS Access 
Part Number Time (max) Time (max) Time (max) Package 
pUPD424263ALE-60 60 ns 40 ns 20 ns 40-pin plastic SOJ 
LE-70 70 ns 45 ns 
LE-80 80 ns 50 ns 
uUPD424263AV-60 60 ns 40 ns 20 ns 40-pin plastic ZIP 
V-70 70 ns 45 ns 
V-80 80 ns 50 ns 
UPD424263AG5-60 60 ns 40 ns 20 ns 44/40-pin plastic TSOP 
G5-70 ea 70 — Loe 45 ns (normal pinouts) 
G5-80 80 ns 50 ns 
UPD424263AG5M-60 60 ns 40 ns 20 ns 44/40-pin plastic TSOP 
G5M-70...” 70ns ——— 45 ns ———— (reverse pinouts} 
G5M-80 80 ns 50 ns 


Ordering Information, p»PD424263L (+ 3.3-volt power) 


RAS Access Fast-Page Cycle CAS Access . 

Part Number Time (max) Time (max) Time (max) Package 

uPD424263LLE-A60 60 ns 40 ns 20 ns 40-pin plastic SOJ 
LE-A70 70 ns 45 ns | 
LE-A&0 80 ns 50 ns 

UPD424263LV-A60 60 ns 40 ns 20 ns 40-pin plastic ZIP 
V-A70 70 ns 45 ns 
V-A80 80 ns 50 ns 

UPD424263LG5-A60 60 ns 40 ns 20 ns 44/40-pin plastic TSOP 
G5-A70 70 ns 45 ns normal pincute) 
G5-A80 80 ns 50 ns 

UPD424263LG5M-A60 60 ns 40 ns 20 ns 44/40-pin plastic TSOP 
G5M-A70 70 ns 45 ns freveree:- pinouts) 
G5M-A80 80 ns 50 ns 








(é] 
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Ordering Information, p.PD42S4263A (+ 5-volt power; self-refresh mode) 











RAS Access .. Fast-PageCycle = CAS Access . Self-Refresh 
PartNumber .. . Time (max) =. Time (max) . = Time (max) Current (max) Package 
UPD42S4263ALE-60 60 ns a 40 ns 20 ns 300 LA 40-pin plastic SOU’ ” 
LE-70 70 ns 45 ns 
LE-80 80 ns 50 ns ; 
UPD42S4263AV-60 60 ns 40 ns 20 ns 300: yA 40-pin plastic ZIP |: 
V-70 70 ns 45 ns 
V-80 80 ns 50 ns 
UPD4284263AG5-60 60 ns 40 ns 20 ns - 300 LA 44/40-pin plastic’ 
a ee ee TSOP | 
G5-70 70 ns 45 ns (normal pinouts) 
G5-80 80 ns 50 ns 
UPD42S4263AG5M-60 60 ns 40 ns a 20 ns 300 pA 44/40-pin plastic 
G5M-70 70 ns 45 ns TSOP A 
(reverse pinouts) 
G5M-80 80 ns 50 ns 


Ordering Information, »PD42S4263L (+ 3.3-volt power; self-refresh mode) © .*. . 
RAS Access Fast-Page Cycle ©. CAS Access Self-Refresh 


Part Number Time (max): Time (max) . ‘Time (max) Current (max) Package 
uUPD42S4263LLE-A60 60ns . - > 40 ns 20 ns 100 pA 40-pin plastic SOU 
LE-A70 70 ns 45 ns . - 

LE-A80 80 ns 50 ns ? 
uPD42S4263LV-A60 60 ns 40 ns 8 20 ns 100 pA 40-pin plastic ZIP 
V-A70 70 ns 45 ns | 
V-A80 80 ns 50 ns 
UPD42S4263LG5-A60 60 ns . 40 ns 20 ns 100 pA 44/40-pin plastic™ 
G5-A70 70 ns 45 ns a | eat ea 
G5-A80 80 ns 50 ns wt 
UPD42S4263LG5M-A60 60 ns 40 ns 20 ns 100 pA 44/40-pin plastic..." - 
G5M-A70 70 ns 45 ns . eck p inouts) 
G5M-A80 80 ns 50 ns 


BSS 
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Block Diagram 





CAS Clock 
Generator 


Data /O Bus 


Address Buffer 
Row Decoder 





Truth Table | 
Function. .. RAS CCAS UCAS WE OE 1/0; - /0g Og - WO46 
Standby H xX xX xX xX High-Z High-Z 
Refresh cycle L H H X X High-Z High-Z 
Byte read cycle L L H H L Data output High-Z 
L H L H L High-Z Data output 

Word read cycle L L L H L Data output - Data output 
Byte write cycle L L H a © H Data input _— 
. L H L L H 2 Data input 
Word write cycle L L L L H Data input Data input 

—- L L L H H High-Z High-Z 


X = dont care. 


on 
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Write-Per-Bit Option 


The write-per-bit option may be used to allow a write 
cycle to change any number of bits in the 16-bit word. 
The mask is loaded from the 1/O lines at the falling edge 
of RAS if WE = Vj,. If the I/O line is high, then the 
corresponding bit will be written when the write cycle 
executes. If the I/O line is low, the bit does not change. 
A mask loaded during fast-page operation will remain 
set and active for each write cycle that executes while 
RAS remains low. The mask may be changed only at 
the falling edge of RAS. 


Comparison of Write-Per-Bit Cycle Versus Standard 16-Bit Write Cycle 


White-Per-Bit 
Cycle 





NEC 


Absolute Maximum Ratings 


Voltage on any pin relative to GND 


5-volt devices -10to+7.0V 
3.3-volt devices -0.5 to +4.6 V 
Operating temperature, Topr 0 to + 70°C 


Storage temperature, Tete -55 to + 125°C 


Short-circuit output current, log 


5-volt devices 50 mA 
3.3-volt devices 20 mA 
Power dissipation, Pp 1.0W 


Exposure to Absolute Maximum Ratings for extended periods may 
affect device reliability; exceeding the ratings could cause perma- 
nent damage. The device should be operated within the limits 
specified under DC and AC Characteristics. 


Recommended Operating Conditions 


5-Volt Devices 


Parameter Symbol Min Typ 
Input voltage, high Vin 2.4 

Input voltage, low Vit -1.0 

Supply voltage Vec 4.5 5.0 
Ambient temperature Ta 0 


Self-Refresh Current 


puPD424263A/L, 42S4263A/L 


Capacitance 
Ta = 25°C; f = 1 MHz 





Parameter Symbol Max Unit Pins Under Test 
Input capacitance Cy 5 pF Addresses 
Cio 7 pF LCAS, U UCAS, WE, 
OE, RAS 
Input/output Co 7 pF Oz - YOrg 
capacitance 
3.3-Volt Devices 

Max Min Typ Max Unit 
Veco + 1.0 2.0 Voc +03 V 

0.8 -0.5 0.8 V 

5.5 3.0 3.3 3.6 V 

+70 0 +70 °C 


Ta = Oto +70°C; Vog = +5V +10% (4284263A) or +3.3 V +0.3 V (42842631) 


Symbol 42S4263A 


42S4263L 


Conditions 





loc7 300 pA max 


100 pA max 


V/O pins: Viy = Voc— 0.2 V; Vi_ s 0.2 V or open. 
Other input pins: Viy = Voc -0.2V;Vi_ s 0.2V 
or open. tras = 100 ps 


~N 








UPD424263A/L, 42S4263A/L 





DC Characteristics; 5-Volt Devices 
Ta = 0 to + 70°C; Vog = +5.0V +10% 





Parameter Symbol Min Typ Max Unit Test Conditions 
Standby current loce 2.0 mA RAS = CAS = Vy (min); lo = OMA 
300 HA RAS = CAS = Voc -0.2V; lo = OMA 
Input leakage current Int -10 10 HA Vin = 0 V to Voc; all other pins not under test = OV 
Output leakage current low -10 10 uA Dour disabled; Voyt = OV to Voc. 
Output voltage, low VoL 0.4 Vv lo. = 4.2 mA 
Output voltage, high Von 2.4 V lon = -5 mA 





DC Characteristics; 3.3-Volt Devices 
Ta = Oto +70°C; Vog = +3.3V +0.3 V 


Parameter Symbol Min Typ Max Unit Test Conditions 
Standby current loce 500 HA RAS = CAS = Vy (min); lo = OMA 

100 HA —- RAS = CAS = Vocg-02Vilo = OMA 
Input leakage current ur) -5 5 LA Vin = 0 V to Voc; all other pins not under test = OV 
Output leakage current low -5 5 uA Dour disabled; Voyt = OV toVec , 
Output voltage, low VoL 0.4 Vv lot =2.0 mA 
Output voltage, high Vou 2.4 Vv loy = -2.0 mA 





AC Characteristics 

Ta = Oto +70°C 

UPD424263A, 42S4263A: Vog = +5.0 V +10% 
UPD424263L, 42S4263L: Vog = +3.3V +0.3V 








Parameter Symbol. Min Max Min Max Min Max Unit = —s- Test Conditions 
Operating current, locy (+5) 140 130 120 mA RAS, CAS cycling; tac = 
average loot (+3.3) 130 120 110 tro min (Note 5) 
Operating current, loog (+5) 140 130 120 mA RAS cycling; CAS = Vin 
RAS-only refresh Se 8 min; tac = tro min 
cycle, average Ioo3 (+ 3.3) 130 120 110 (Note 5) 
Operating current, loca (+5) 90 80 70 mA RAS <= Vy; CAS cycling; 
fast-page cycle, ee —wEO_OO,N,O OOmUoSyS tpc = tpo min 
average loca (+ 3.3) 90 80 70 (Note 5) 
Operating current, loos (+5) 140 130 120 mA RAS cycling; CAS s Vi 
CAS before RAS max; tac = tao min 
refresh cycle, loos (+3.3) 130 120 110 (Note 5) 

. average 
Access time from tan 30 35 40 ns (Notes 3, 4, 7, 8) 

~ column address 
Access time from tace 35 40 45 ns (Notes 3, 4, 7, 8, 16) 
CAS precharge 
(rising edge) 
Column address tasc 0 0 0 ns 
setup time 
Row address setup tase 0 c¢) 0 ns 
time 
Column address to tawp 50 55 70 ns {Note 14) 
WE delay time 


co 
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AC Characteristics (cont) 











-60 -70 -80 
Parameter Symbol Min Max Min Max Min Max Unit Test Conditions 
Access time from toac 20 20 20 ns (Notes 3, 4, 7, 8) 
CAS (falling edge) 
Column address tcaH 15 15 15 ns 
hold time 
CAS pulse width toas 20 10,000 20 10,000 20 10,000 ns 
CAS hold time for tour 15 15 15 ns (Note 15) 
CAS before RAS 
refreshing 
CAS hold time tons -35 -40 -50 ns For 42S4263A/L only 
(CBR self-refresh 
mode) 
CAS to output in toLz 0 1°) 0 ns (Notes 4, 7) 
low-Z 
Fast-page CAS top 10 10 10 ns 
precharge time 
CAS precharge topn 10 10 10 ns 
time 
Fast-page CAS _ topwo 55 60 75 ns (Note 14) 
precharge to WE 
delay time 
CAS to RAS tcrp 10 10 10 ns (Note 10) 
precharge time 
CAS hold time tosH 60 70 80 ns 
CAS setup time for tcsr 5 5 5 ns (Note 15) 
CAS before RAS 
refresh cycle 
CAS to WE delay towo 40 40 50 ns (Note 14) 
Write command tow. 15 15 15 ns 
referenced to CAS 
lead time 
Data-in hold time tox 15 15 15 ns (Note 13) 
Data-in setup time tps 0 0 0 ns (Note 13) 
Masked write hold tmRH 0 0 0 ns 
time referenced to 
RAS 
Access time from toEA 20 20 20 ns (Notes 3, 4, 7, 8) 
OE 
OE data delay time toeD 15 15 15 ns 
OE command hold toEH 0) 0 0 ns 
time 
OE to RAS inactive toes ) 0 0 ns 
setup time : 
Output turnoff toEz 0 15 0 15 0 15 ns (Note 9) 


delay from OE 





© 
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AC Characteristics (cont) 























-60 -70 -80 
Parameter Symbol. ° Min Max Min Max Min Max Unit Test Conditions 
Output disable - torr 0 15 0 15 0 20 ns (Note 9) 
from CAS high 
GE to output in toLz 0 0 0 ns (Notes 5, 7) 
low-Z 
Fast-page read or tpc 40 45 50 ns (Note 6) 
write cycle time 
Fast-page read- tprwc 85 90 100 ns (Note 6) 
modify-write cycle 
time with exended 
data output 
Access time from trac 60 70 80 ns (Notes 3, 4, 7, 8) 
RAS 
RAS to column trap 15 30 15 35 15 40 ns (Note 8) 
address delay time 
Row address hold tRaH 10 10 10 ns 
time 
Column address tRaL 30 35 40 ns 
lead time 
referenced to RAS 
(rising edge) 
RAS pulse width tras 60 10,000 70 10,000 80 10,000 ns 
Fast-page RAS trasp 60 125,000 70 125,000 80 125,000 ns 
pulse width 
RAS pulse width trass 100 100 100 Us For 42S4263A/L 
(CBR self-refresh 
mode) 
Random read or tro 120 130 150 ns (Note 6) 
write cycle time 
RAS to CAS delay tracp 20 40 20 50 20 60 ns (Note 8) 
time 
Read command _ tRCH ie) 0 0 ns (Note 11) 
hold time 
referenced to CAS 
Read command tres 0 0 0 ns 
setup time 
Refresh period tREF 8 8 8 ms Addresses Apo - Ag 
RAS hold time tRHcop 35 40 45 ns 
referenced to CAS 
precharge 
RAS precharge trp 50 50 60 ns 
time 
RAS precharge trec 0 0 0 ns 
CAS hold time. 
RAS precharge taps 120 130 150 ns For 42S4263A/L 
time (CBR self- 
refresh mode) 
Read command tRRH 0 0 0 ns (Note 11) 


referenced to RAS 





o_k 
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NEC 


AC Characteristics (cont) 
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-60 -70 -80 
Parameter Symbol Min Max Min Max Min Max Unit Test Conditions 
RAS hold time trsH 20 20 25 ns 

Read-modify-write tawe 165 175 200 ns (Note 6) 

cycle time 

RAS to WE delay trwo 80 90 105 ns (Note 14) 

Write command tAWL 20 20 20 ns 

referenced to RAS 

lead time 

Rise and fall times tr 3 50 3 50 3 50 ns (Note 4) 

Write-per-bit hold twBH 10 10 15 ns 

time 

Write-per-bit setup twBs 0 0 0 ns 

time 

Write command tweH 15 15 15 ns (Note 12) 
hold time 

Write command twes 0 0 ) ns (Note 14) 
setup time 

Write mask data twH 10 10 15 ns 

hold time 

Write command twp 15 15 15 ns (Note 12) 
pulse width 

Write mask data tws 0 ce} 0 ns 

setup time 

Notes: 

(1) All voltages are referenced to GND. (11) Either tary or tacy must be satisfied for a read cycle. 

(2) Aninitial pause of 100 ys is required after power-up, followed by (12) Parameter twp is applicable for a delayed write cycle such as a 
any eight RAS cycles, before proper device operation is read-write/read-modify-write cycle. For early write cycles, both 
achieved. twos and twor must be met. 

(8) Ac measurements assume ty = 5ns. (13) These parameters are referenced to the falling edge of one of the 

(4) Vin (min) and Vi, (max) are reference levels for measuring the a atin for early sii Phe ane fe shed falling edge of WE 
timing of input signals. Transition times are measured between for delayed write or read-modify-write cycles. 

Vin and Vip. (14) twos, tawo, tewo: topwp and ip are debit tebe Neha 
: ters in read-write/read-modify-write cycles only. lf twos 

(5) loc, lees, loc4, and Ilocos depend on output loading and cycle Paramesets: , : 
rates. Specified values are obtained with the output open. Io¢3 2 twes (min), the cycle aves aaah cycle and ns seis yO 
is measured assuming that all column address inputs are held at ahs will remain eects throug an the outs cycle. town 
either a high level or a low level during RAS-only refresh cycles. = town (min), tawo = tawo es i eer 0 AWD ed rt 
loca is measured assuming that all column address inputs are ae mses praiciis ae ae ie ee 

itched only once during each fast- le. : 
— OUP a ee cee Ace oes conditions is met, the condition of the data I/O pins (at access 

(6) The minimum specifications are used only to indicate the cycle time and until CAS returns to Vj) is indeterminate. 
ti t which ti ver the full t t ——— rt : 

dg Hee ae Peeler oye ear eembe ature cane? (15) Holding LCAS or UCAS low prior to RAS going negative will 7d ; 
(Ta = 0 to + 70°C) is assured. ee <== a 
initiate a CAS before RAS refresh cycle (toga and toy_ must be 

(7) Load = 2 TTL (1 mA, +4mA) loads and 100 pF. For 3.3-volt satisfied). 
devices, Voy = 2.0 volts and Vo, = 0.8 volt f level — 

Pr on bearcel NON ce eance eres (16) The first CAS falling edge is used as a reference for the start of 


(8) 


(9) 


(10) 


lf trop = tacp (max) and trap = tgap (max), access time is 
defined by trac (max). If tacp = tacp (max), access time is 
defined by tcac (max); if trap = trap (max) access time is 
defined by taa (max). 


torr (max) and togz (max) define the time at which the outputs 
become open-circuit and are not referenced to Voy or Vo. 


The topp requirement should be applicable for RAS/CAS cycles 
preceded by any cycle. 





tacp (CAS precharge access time). 
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Timing Waveforms 


Word Read Cycle 
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Timing Waveforms (cont) 


Byte Read Cycle 


VO9- VOig 


Note: 
[1] Nonactive CAS = Vjy. 
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Timing Waveforms (cont) 


Word Early-Write Cycle 


Write-per-bit 


Input/Output 


Note: 
[1] O& = don't care. 
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Timing Waveforms (cont) 


Byte Early-Write Cycle 


VO4-VOg 


VOg- VOig 


Notes: 
[1] Nonacttve CAS = Viy. 





[2] OE = don't care. 
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Timing Waveforms (cont) 


Word Late-Write Cycle 


ae AA\AAF | 
we aay 86 
Ve | pach 


LE, = ANNAN 


tWs | twWH » toeD 


InpuOutput 





Jom 





Timing Waveforms (cont) 


Byte Late-Write Cycle 


twes >| tWBH 


We Mh); et CLL 


~ Note: 
[1] Nonactive CAS = Viy, 
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LMM: 


tOEH 


LIL. 





OXY) 
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Timing Waveforms (cont) 


Word Read-Modify-Write Cycle 


tasc 
_ tasrR tRAH $<-tCAH-> 


me LLL NS LLL LLL LLL LLL LLL LLL LLL LLL 


| tRWD 
tags | tewo—_____> tRWL: 
we este 7 | YUM, 
tm : ip 
- Aer 


~<—_——__—_____-— thaC 


toy 
tos 
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Timing Waveforms (cont) 


Byte Read-Modify-Write Cycle 


VOg- YO1g 


High Impedance 


Note: 
[1] Nonactive CAS = Vip. 





UPD424263A/L, 42S4263A/L 


Timing Waveforms (cont) 


Word Fast-Page Read Cycle 


tRAH 
tasR 


nam XX 


VO1-Vo4g 


20 


tec 
taco —>}<- tcas 


Ny 
IN 


: tasc tcaH 
| tasc _ | tase > TCA 


- H 

79 KKK) KKK) +9 

KXAYK coum XXX cotimn2 XXL catia YY 
trcs | 


acs | tron >] iy tRCH 
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Timing Waveforms (cont) 


Byte Fast-Page Read Cycle 


VOg- VO1g 


Note: 
[1] Nonactive CAS = Vj, 
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Timing Waveforms (cont) 


Word Fast-Page Early-Write Cycle 


t 
tCAH tasc tcaH betes | 
tasc tasc 


XK) OE 790.08 
racross XXL Pow KX cotunn See 


T | if 


Note: 


[1] OE = don't cara. 
[2] Wnite-per-bit function not shown 
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Timing Waveforms (cont) 


Byte Fast-Page Early-Write Cycle 


VO9-VO1g 


Notee: 

[1] Nonactive CAS = Vj}, 

[2] OE = dont care. 

[8] Write-per-bit function not shown 
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Timing Waveforms (cont) 


Word Fast-Page Late-Write Cycle 


Note: 
[1] Write-per-bit function not shown 





24 


NV. E Cc uUPD424263A/L, 42S4263A/L 


Timing Waveforms (cont) 


Byte Fast-Page Late-Write Cycle 


(XX) 
OY) 





Notes: 
[1] Nonactive CAS = Vip, 
[2] Write-per-bit function not shown 
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Timing Waveforms (cont) 


Byte Fast-Page Read/Write Cycle 
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Timing Waveforms (cont) 


Word Fast-Page Read-Modify-Write Cycle 


OOXKKKKKY) 
OY 


i 


| | tcpwD 


VO - VO1g 
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Timing Waveforms (cont) 


Byte Fast-Page Read-Modify-Write Cycle 


x) AKRKERKKKR KAY 
HO PNK KKK I 


OX) 
en OK KY 


FP 


Write-per-bit 
function 
not shown 


KXKKKK 
OY 


(iN LN 
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Timing Waveforms (cont) 


Hidden Refresh Cycle (Word Read Cycle) 


pS = 


a pl 


omy 
MMMM LLL LLL 
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Timing Waveforms (cont) 


Hidden Refresh Cycle (Word Write Cycle) 





TLLIL_| |_E 
eT == XL 
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Timing Waveforms (cont) 


Hidden Refresh Cycle (Byte Write Cycle) 











UPD424263A/L, 42S4263A/L 


Timing Waveforms (cont) 


RAS-Only Refresh Cycle 






Address 






CAS Before RAS Refresh C ycle © 





: 


sam TTL 


893RD-74768 


NEC 


NEC Electronics Inc. 


Description 


The uPD424280A/L and uPD42S4280A/L are fast-page 
dynamic RAMs organized as 262,144 words by 18 bits 
and designed to operate from a single power supply. 


Optional features are power supply voltage (+5 V or 
+3.3 V) and a new refresh mode called “self-refresh.” 


UPD Options 

424280A +5V 

424280L +3.3V 

42S84280A +5 V; self-refresh mode 
42S4280L +3,3 V; self-refresh mode 


Advanced polycide technology using stacked capaci- 
tors minimizes silicon area and provides high storage 
cell capacity, high performance, and high reliability. A 
single-transistor dynamic storage cell and CMOS cir- 
cuitry throughout ensure minimum power dissipation, 
while an on-chip circuit internally generates the 
negative-voltage substrate bias—automatically and 
transparently. 


The three-state I/O pins are controlled by UCAS and 
LCAS independent of RAS. After a valid read or read- 
modify-write cycle, upper or lower byte data is held on 
the outputs by maintaining UCAS or LCAS low. Data 
outputs return to high impedance when either UCAS or 
LCAS goes high. Fast-page read and write cycles can 
be executed by cycling UCAS or LCAS. 


Refreshing may be accomplished by a CAS before RAS 
refresh cycle (CBR) that internally generates the re- 
fresh address. RAS-only refresh cycles will also refresh 
all. memory locations. 





The self-refresh mode is entered by holding RAS low for 
longer than 100 ys during a CBR cycle. Detection of this 
long RAS time starts an internal oscillator that main- 
tains data integrity without external clocking. The slow 
refresh reduces the data hold current to less than 200 
microamperes. Self-refresh mode is used with micro- 
processors that have a “sleep mode” for low-power 
applications such as notebook PCs. 


Features 


262,144 by 18-bit organization 

Single power supply (+5-volt or +3.3-volt) 
Self-refresh option (slow internal automatic refresh) 
Fast-page option 

Byte read/write control with UCAS and LCAS 


Qo 


o0oaca 


60162-1 





uPD424280A/L, 42S4280A/L 
262,144 x 18-Bit 
Dynamic CMOS RAM 


Low power dissipation 

CAS before RAS refreshing 

On-chip substrate bias generator 

TTL-compatible inputs and outputs 

Nonlatched, three-state outputs 

Low input capacitance 

Multiplexed row and column addresses 

512 refresh cycles every 8ms 

40-pin SOJ, 40-pin ZIP, and 44/40-pin TSOP plastic 
packaging 


bBoa0aoaqagondoa a 


Pin Configurations 


40-Pin Plastic SOJ 


uPD424280A/L, 42S4280A/L. 
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Pin Configurations (cont) 





40-Pin Plastic ZIP 44/40-Pin Plastic TSOP (Reverse Pinouts) 


pu PD424280A/L, 42S4280A/L 


pPD424280A/L, 42S4280A/1. 


Suffix -7KF In the package [dentifier 
denotes reverse pinout sequence. 





Pin Identification 





Name Function 

Ao - Ag Address inputs 

VO4 - YO4g Data inputs and outputs 

TCAS, UCAS Column address strobes 

OE Output enable 

RAS Row address strobe 

WE Write enable 

GND Ground 

Vec + 5-volt or +3.3-voit power supply 
NC No connection 





Suffix -7JF in the package Identifier 
denotes normal pinout sequence. 
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Ordering Information, 1.PD424280A (+ 5-volt power) 














RAS Access Fast-Page Cycle CAS Access 
Part Number ’ Time (max) Time (max) Time (max) Package 
UPD424280ALE-60 60 ns 40 ns 20 ns 40-pin plastic SOJ 
LE-70 70 ns 45 ns 
LE-80 80 ns 50 ns 
UPD424280AV-60 60 ns 40 ns 20 ns 40-pin plastic ZIP 
V-70 70 ns 45 ns 
V-80 80 ns 50 ns 
UPD424280AG5-60 60 ns 40 ns 20 ns 44/40-pin plastic TSOP 
GS-70. semaers 7 Ons = 5 45 n ; = —= (normal! pinouts) 
G5-80 - 80 ns 50 ns 
UPD424280AG5M-60 60 ns 40 ns 20 ns 44/40-pin plastic TSOP 
G5M70.—~ Ons ans ae he: . (reverse pinouts) 
G5M-80 80 ns 50 ns 





Ordering Information, »PD424280L (+ 3.3-volt power) 





RAS Access Fast-Page Cycle CAS Access 

Part Number Time (max) Time (max) Time (max) Package 

UPD424280LLE-A60 60 ns 40 ns 20 ns 40-pin plastic SOJ 
LE-A70 70 ns 45 ns 
LE-A80 80 ns 50 ns 

UPD424280LV-A60 60 ns 40 ns 20 ns 40-pin plastic ZIP 
V-A70 70 ns 45 ns 
V-A80 80 ns 50 ns 

uUPD424280LG5-A60 60 ns 40 ns 20 ns 44/40-pin plastic TSOP 
G5-A70 70 ns 45 ns normal pingure) 
G5-A80 80 ns 50 ns 

UPD424280LG5M-A60 60 ns 40 ns 20 ns 44/40-pin plastic TSOP 
G5M-A70 70 ns 45 ns Ataverne. pinouts) 
G5M-A80 80 ns 50 ns 





o 








UPD424280A/L ,. 42S4280A/L 





Ordering Information, ».PD42S4280A (+ 5-volt power; self-refresh mode) 














RAS Access Fast-Page Cycle “CAS Access Self-Refresh 
Part Number Time (max) Time (max) Time (max) Current (max) Package 
uPD42S4280ALE-60 60 ns 40 ns 20 ns 300 LA 40-pin plastic SOJ 
LE-70 70 ns 45 ns 
LE-80 80 ns . 50 ns 
UPD42S4280AV-60 60 ns : 40 ns os 20 ns 300 A 40-pin plastic ZIP 
V-70 70 ns 45 ns 
V-80 80 ns 50 ns 
UPD42S4280AG5-60 60 ns 40 ns 20 ns 300 yA 44/40-pin plastic 
G5-70 70 ns 45 ns cso iieen , 
(normal pinouts) 
G5-80 80 ns 50 ns “yi 
UPD42S4280AG5M-60 60 ns 40 ns 20 ns 300 pA 44/40-pin plastic 
G5M-70 70 ns 45 ns een 
(reverse pinouts) 
G5M-80 80 ns 50 ns 





Ordering Information, »PD42S4280L (+ 3.3-volt power; self-refresh mode) — 

















RAS Access Fast-Page Cycle - CAS Access Self-Refresh 
Part Number Time (max) Time (max) -- Time (max) Current (max) Package 
uUPD42S4280LLE-A60 60 ns 40 ns 20 ns 100 vA 40-pin plastic SOU: 
LE-A70 70 ns 45 ns 
LE-A80 80 ns 50 ns 
UPD42S4280LV-A60 © 60 ns 40 ns 20 ns 100 yA 40-pin plastic Z{P 
V-A70 70 ns 45 ns 
V-A80 80 ns 50 ns 
UPD42S4280LG5-A60 60 ns 40 ns . 20 ns 100 pA 44/40-pin plastic 
—- ie TSOP | 
G5-A70 70 ns 45 ns (normal pinouts) 
G5-A80 80 ns 50 ns 58 
uUPD42S4280LGSM-A60 60 ns 40 ns 20 ns 100 yA 44/40-pin plastic 
G5M-A70 70 ns 45 ns ee ; 
(reverse pinouts) 
G5M-A80 80 ns 50 ns oats 
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Block Diagram 





Sense Amplifier 


Memory Array 


Function RAS CCAS UCAS WE OE 1/0 - Og 1/049 - /O4g 
Standby H X X X X High-Z High-Z 
Refresh cycle L H H X X High-Z High-Z 
Byte read cycle L L H H L Data output High-Z 

L H L H L High-Z Data output 
Word read cycle L L L H L Data output Data output 
Byte write cycle L L H L H Data input _ 

L H iE L H —_ Data input 
Word write cycle L L L L H Data input Data input 

— L L L H H High-Z High-Z 


Multiplexer 
Address Buffer 





Truth Table 


X = don't care. 


a 
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Absolute Maximum Ratings Capacitance 
Ean et ge eee Re ape Ta = 25°C; f = 1 MHz 





Voltage on any pin relative to GND 





5-volt devices -1.0 to +7.0V Parameter Symbol Max Unit Pins Under Test 
= SOOO RE an ee Input capacitance Cy 5 pF Addresses 
Operating temperature, Topp 0 to + 70°C Co 7 pF TCAS, UCAS, WE, 
Storage temperature, Tstg ~55 to + 125°C OE, RAS 
Short-circuit output current, log input/output Co 7 pF 04 - VOrg 

5-volt devices 50 mA capacitance 

3.3-volt devices 20 mA 
Power dissipation, Pp 1.0W 


Exposure to Absolute Maximum Ratings for extended periods may 
affect device reliability; exceeding the ratings could cause perma- 
nent damage. The device should be operated within the limits 
specified under DC and AC Characteristics. 


Recommended Operating Conditions 


5-Volt Devices 3.3-Volt Devices 
Parameter Symbol Min Typ Max Min Typ - Max Unit 
Input voltage, high Vin 2.4 Voc + 1.0 2.0 Voc +03 V 
Input voltage, low VIL -1.0 0.8 ~0.5 0.8 Vv 
Supply voltage Voc 45 5.0 5.5 3.0 3.3 3.6 Vv 
Ambient temperature Ta 0 +70 0 +70 °C 





Self-Refresh Current 
Ta = 0 to +70°C; Vog = +5 V 410% (42S4280A) or +3.3 V £0.3 V (42842801) 


Symbol 42S4280A 42S4280L Conditions 


Ioo7 300 vA max 100 pA max VO pins: Viy = Veo —0.2V; Vi_ s 0.2 V or open. 
Other input pins: Vixy = Voc —-0.2V; Vi_ < 0.2V 
or open. tras 2 100 ys 











DC Characteristics; 5-Volt Devices 
Ta = Oto + 70°C; Voc = +5.0 V 10% 








Parameter - Symbol Min Typ Max Unit Test Conditions 
Standby current loce 2.0 mA RAS = CAS = Vix (min); lp = OMA 
300 pA RAS = CAS = Voog- 0.2 V; Ilo = OMA 
Input leakage current ura) -10 10 UA Vin = 0 V to Voc; all other pins not under test = OV 
- Output leakage current low) ~10 10 HA Dour disabled; Voyt = 0 V to Voc 
Output voltage, low VoL 0.4 Vv lo. = 4.2mA 
Output voltage, high Vou 2.4 V lon = -5 mA 


o 
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DC Characteristics; 3.3-Volt Devices 
Ta = Oto +70°C; Voo = +3.3V +0.3V 











Parameter Symbol Min Typ Max Unit Test Conditions 
Standby current loce2 500 HA RAS = CAS = Viy (min); lo = OMA 
100 yA RAS = CAS = Voc - 0.2 V; lo = OMA 
Input leakage current hy -5 5 HA Vin = 0 V to Veo; all other pins not under test = 0V 
Output leakage current low) -5 5 LA Dout disabled; Voyt = OV to Voc 
Output voltage, low VoL 0.4 Vv lo, =2.0 mA 
Output voltage, high Vou 2.4 Vv lon = -2.0 mA 





AC Characteristics 

Ta = Oto +70°C 

UPD424280A, 4284280A: Voco = +5.0 V £10% 
uPD424280L, 42S4280L: Vog = +3.3V +0.3V 





-60 -70 -80 
Parameter Symbol Min Max Min Max Min Max Unit Test Conditions 
Operating current, loos (+5) 160 150 140 mA RAS, CAS cycling; tao = 
average loot (+3.3) 150 140 130 tac min (Note 5) 
Operating current, loos (+5) 160 150 140 mA RAS cycling; CAS = Vin 
RAS- only refresh Se eee ee eee min; tac = tac min 
cycle, average loos (+3.3) 150 140 130 (Note 5) 
Operating current, loca (+5) 110 100 90 mA RAS s Vit; CAS cycling; 
fast-page cycle, nnn tpo = tpo min 
average loca (+ 3.3) 110 100 90 (Note 5) 
Operating current, loos (+5) 160 150 140 mA RAS cycling; CAS < Vj, 
CAS before RAS max; tac = tro min 
refresh cycle, loos (+3.3) 160 150 140 (Note 5) 
average 
Access time from taa 30 35 40 ns (Notes 3, 4, 7, 8) 
column address ; 
Access time from tacp 35 40 45 ns (Notes 3, 4, 7, 8, 16) 
CAS precharge 
(rising edge) 
Column address tasc 0 0 0 ns 
setup time 
Row address setup tase 0 0 0 ns 
time 
Column address to tawo 50 55 70 ns (Note 14) 
WE delay time 
Access time from toac 20 20 20 ns (Notes 3, 4, 7, 8) 
CAS (falling edge) 
Column address toaH 15 15 15 ns 
hold time 
CAS pulse width toas 20 10,000 20 10,000 20 10,000 ns 
CAS hold time for tcHrR 15 15 15 ns (Note 15) 
CAS before RAS 
refreshing 
CAS hold time tous -35 -40 -50 ns For 42S4280A/L only: 
(CBR self-refresh 
mode) 
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AC Characteristics (cont) 





-60 -70 -80 
Parameter Symbol Min Max Min Max Min Max Unit Test Conditions 
CAS to output in toLz 0 0 0 ns (Notes 4, 7) 
low-Z 
Fast-page CAS top 10 10 10 ns 
precharge time 
CAS precharge tcpn 10 10 10 ns 
time 
Fast-page CAS _ tcpwo 55 60 75 ns (Note 14) 
precharge to WE 
delay time 
CAS to RAS tcrp 10 10 10 ns (Note 10) 
precharge time 
CAS hold time tosu 60 70 80 ns 
CAS setup time for tcsr 5 5 5 ns (Note 15) 
CAS before RAS 
refresh cycle 
CAS to WE delay towp 40 40 50 ns (Note 14) 
Write command tow. 15 15 15 ns 
referenced to CAS 
lead time 
Data-in hold time toy 15 15 15 ns (Note 13) 
Data-in setup time tps 0 0 0 ns (Note 13) 
Masked write hold tmMRH 0 0 0 ns 
time referenced to 
RAS 
Access time from toEA 20 20 20 ns (Notes 3, 4, 7, 8) 
OE 
OE data delay time toep 15 15 15 ns 
OE command hold toEH 0 0 0 ns 
time 
GE to RAS inactive toes 0 0 0) ns 
setup time 
Output turnoff toEz 0 15 fe) 15 0 15 ns (Note 9) 
delay from OE 
Output disable torr 0 15 0 15 0 20 ns (Note 9) 
from CAS high 
OE to output in toLz 0 0 0 ns (Notes 5, 7) 
low-Z 
Fast-page read or tpc 40 45 50 ns (Note 6) 
write cycle time 
Fast-page read- tprwc 85 90 100 ns (Note 6) 
modify-write cycle 
time with exended 
data output 
Access time from trac 60 70 80 ns (Notes 3, 4, 7, 8) 


RAS 
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AC Characteristics (cont) 
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-60 -70 -80 
Parameter - Symbol Min Max Min Max Min Max Unit Test Conditions 
RAS to column trap 15 30 15 35 15 40 ns (Note 8) 
address delay time 
Row address hold tRAH 10 10 10 ns 
time 
Column address tRAL 30 35 40 ns 
lead time 
referenced to RAS 
(rising edge) 
RAS pulse width tras 60 10,000 70 10,000 80 10,000 ns 
Fast-page RAS trasp 60 125,000 70 125,000 80 125,000 ns 
pulse width 
RAS pulse width trass _ 100 100 100 Us For 42S4280A/L 
(CBR self-refresh 
mode) 
Random read or tre - 120 130 150 ns (Note 6) 
write cycle time 
RAS to CAS delay trop 20 40 20 50 20 60 ns (Note 8) 
time 
Read command trou 0 0 0 ns (Note 11) 
hold time 
referenced to CAS 
Read command trcs _ 0 0) f°) ns 
setup time 
Refresh period tREF 8 8 8 ms Addresses Ag - Ag 
RAS hold time tRHoP 35 40 45 ns 
referenced to CAS 
precharge 
RAS precharge trp 50 50 60 ns 
time 
RAS precharge trpc 0 0 0 ns 
CAS hold time 
RAS precharge tarps 120 130 150 ns For 42S4280A/L 
time (CBR self- 
refresh mode) 
Read command traH 0 0 0 ns (Note 11) 
hold time 
referenced to RAS 7e 
RAS hold time tRsH 20 20 25 ns 
Read-modify-write trwe 165 175 200 ns (Note 6) 
cycle time 
RAS to WE delay trawo 80 90 105 ns (Note 14) 
Write command tRWL 20 20 20 ns 
referenced to RAS 
lead time 
Rise and fall times tr 3 50 3 50 3 50 ns (Note 4) 
Write command tweH 15 15 15 ns (Note 12) 
hold time 
Write command twos 0 0 0 ns (Note 14) 
setup time 
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AC Characteristics (cont) 








-60 -70 ~80 
Parameter Symbol Min Max Min Max Min Max Unit Test Conditions 
Write command twp 15 15 15 ns (Note 12) 

pulse width 

Notes: 

(1) All voltages are referenced to GND. (11) Either taay or tracy must be satisfied for a read cycle. 

(2) An initial pause of 100 us is required after power-up, followed by (12) Parameter twp is applicable for a delayed write cycle such as a 
any eight RAS cycles, before proper device operation is tead-write/read-modify-write cycle. For early write cycles, both 
achieved. twos and twop must be met. 

(8) Ac measurements assume ty = 5ns. (13) These parameters are referenced to the falling edge of one of the 


CAS signals for early write cycles and to the falling edge of WE 


4) Vv i dv f levels f ing th 
TIA nO) Se Mic nie) ot foferanee levels toy messulngiane for delayed write or read-modify-write cycles. 


timing of input signals. Transition times are measured between 
Vin, and Vic. (14) twos, trwo: tcwo: tcpwo 2nd tawp are restrictive operating 


(5) loot loca: lees and logs depend on output loading and cycle parameters in read-write/read-modify-write cycles only. If twos 
rates. Specified values are obtained with the output open. Iogg = twes (min), the cycle is an early write cycle and the data l/O 
is measured assuming that all column address inputs are held at pins will Pomel oe Srreeuyk thro ughout the entire oycle. If tow 
either a high level or a low level during RAS-only refresh cycles. = town (min), tawo = trwp (min), and tawp = tawn (min), then 


loc4 is measured assuming that all column address inputs are oe gaara hosts ite ce fae seg a i : Bui is ier ta 
switched only once during each fast-page cycle. ata read from the setected cells. DONE: Oh IS ARES 


conditions is met, the condition of the data I/O pins (at access 


(6) The minimum specifications are used only to indicate the cycle time and until CAS returns to Vj) is indeterminate. 
time at which proper operation over the full t t St os , ; 
(Ta = Oto +70° te eae hats ila aac (15) Holding LCAS or UCAS low prior to RAS going negative will 
initiate a CAS before RAS refresh cycle (toga and toy, must be 
(7) Load = 2 TTL (-1 mA, +4 mA) loads and 100 pF. For 3.3-volt satisfied). 


may loee: Vou 2b 80d VOU P Oey (ae:lererence levee); (16) The first CAS falling edge is used as a reference for the start of 


(8) If trop < tacp (max) and trap <= trap (max), access time is tacp (CAS precharge access time). 
defined by trac (max). 


If tacp 2 tacp (max), access time is defined by toac (max). 
iftRaD 2 trap (max), access time is defined by ta, (max). 


(9) torr (max) and togz (max) define the time at which the outputs 
become open-circuit and are not referenced to Voy or VoL. 


(10) The topp requirement should be applicable for RAS/CAS cycles 
preceded by any cycle. 
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Timing Waveforms 


Word Read Cycle 





tOEZ 
ut 
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Timing Waveforms (cont) 


Byte Read Cycle 


High Im 


Note: — 


[1] Nonactive CAS = Vy. 
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Timing Waveforms (cont) 


Word Early-Write Cycle 


YO4-VO4g 


Note: 
[1] OE = don't care. 
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Timing Waveforms (cont) 


Byte Early-Write Cycle 


UO49-VOre XK) 


Notes: 
[1] Nonactive CAS = Vj4, 
[2] OE = don't care. 
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Timing Waveforms (cont) 


Word Late-Write Cycle 
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Timing Waveforms (cont) 


Byte Late-Write Cycle 


ON 
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Timing Waveforms (cont) 


Word Read-Modify-Write Cycle 


t 
tasc 
taSR RAH 


mown 111 IR UMMM 


= LLN._| 


tcac 


tRAC 
'  -toLz su : 
: DS 


te 


ees DE == 
: 83FM-7629B 
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Timing Waveforms (cont) 


Byte Read-Modify-Write Cycle 


High Impedance 


Note: 


[1] Nonactive CAS = Vin, 
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Timing Waveforms (cont) 


Word Fast-Page Read Cycle 


IN 


tcSH 


t tRAL 
RAH I<- oe 
taSR tasc tasc tCAH 


tRAD 


VO4-VO4g 
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Timing Waveforms (cont) 


Byte Fast-Page Read Cycle 


vousies , | | i . 


VO49 - VO1g 


Note: 
[1] Nonactive CAS = Vj, 





trp 


tRHCP-———_> ad 


tASH 
tcas- 
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Timing Waveforms (cont) 


Word Fast-Page Early-Write Cycle 


tRAH t 
on I< tCAH tasc tCAH ata } 
tasr tasc tasc tCAH 


| 
KX) 79 XXX) Fooven 
nasress KNX Pow | NS Sele 1 Sea Ny 


tow. 


OD 


AL) 





Note: 
[1] OE = don't care. 
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Timing Waveforms (cont) 


Byte Fast-Page Early-Write Cycle 


VO4-WVOg 


VO149 - VO4g 


Notes: 
[1] Nonactive CAS = Viv, 
[2] OE = don't care. 
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Timing Waveforms (cont) 


Word Fast-Page Late-Write Cycle 


VO7 - VO1g 
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Timing Waveforms (cont) 


Byte Fast-Page Late-Write Cycle 


AAKAAY AK? AY) KAKA 
Nararararararerg Masarararararer’ YANatarararatarerarerererre’ 


LAL 


OXXAXKK) 
Os 


CXXXXKKKX) 
KY 
VO19 - VO1g 


Note: 
[1] Nonactive CAS = Vip. 
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Timing Waveforms (cont) 


Byte Fast-Page Read/Write Cycle 
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Timing Waveforms (cont) 


Word Fast-Page Read-Modify-Write Cycle 


VO4 - VO1g 
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Timing Waveforms (cont) 


Byte Fast-Page Read-Modify-Write Cycle 


uPD424280A/L, 42S4280A/L 


tawD l tawD 


tRcs 


| t 
v 

pion 
C00000.00.0. 0.000 
OY 


Q 


taa AA 
ie) 


EA 
ain 
| 


ViIH- 
ViL- 
Note: 
[1] Nonactive CAS = Viy4. 
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Timing Waveforms (cont) 


Hidden-Refresh Cycle (Word Read Cycle) 


ae 


= gem 
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Timing Waveforms (cont) 


Hidden-Retresh Cycle (Word Write Cycle) 
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Timing Waveforms (cont) 


Hidden-Refresh Cycle (Byte Write Cycle) 


KL re 


twi 


“(I || VTL 
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Timing Waveforms (cont) 


RAS-Only Retresh Cycle 


tras 


Rracee Y q7 

OcAs /1/ 
tcRP tAPC 

LCAS 

tasR tRAH 


wes 1 KRALL. 





CAS Before RAS Retresh Cycle 


MMMM LLL, 


me LYM 


= 
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Timing Waveforms (cont) 


CBR Selt-Refresh Cycle 


H 


. igh Impedance . 


83YL-8606B 





32 


NEC 


General 









_ 4M DRAMs 
4Mx1,i1Mx4 


16M DRAMs 


16M DRAMs 


Section 8. 16M DRAMs 


pPD 
4216100 
4217100 
4216101 
4217101 
4216102 
4217102 
4216400 
4217400 
4216402 
4217402 
4216410 


4217410 
4216412 
4217412 


4216800 
4216800L 
42816800 
42S16800L 
4217800 
4217800L 
42817800 
42S17800L 
4216802 
4216900 
4216900L 
42816900 
42S16900L 
4217900 

_ 4217900L 
42817900 
~ 42817900L 
4216902 


Org. 

16M x 4 
16M x 1 
16M x 1 
16M x 1 
16M x 1 
16M x 1 
4M x 4 
4M x 4 
4M x 4 
4M x 4 
4M x 4 


4M x 4 
4M x 4 
4M x 4 


2M x 8 
2M x 8 
2M x 8 
2M x 8 


‘2Mx 8 


2M x 8 
2M x 8 
2M x 8 
2M x 8 
2M x 9 
2M x 9 
2M x 9 
2M x 9 
2M x9 
2M x 9 
2M x 9 
2M x 9 
2M x 9 


Features 

FP; 4K refresh 

FP; 2K refresh 

Nibble; 4K refresh 

Nibble; 2K refresh 
Static-column; 4K refresh 
Static-column; 2K refresh 
FP; 4K refresh 

FP; 2K refresh 
Static-column; 4K refresh 
Static-column; 2K refresh 
FP; 4K refresh; write-per- 
bit 

FP; 2K refresh; write-per- 
bit 


Static-column; 4K refresh; 


write-per-bit 


Static-column; 2K refresh; 


write-per-bit 

FP; 4K refresh 

FP; 4K refresh; 3.3-V 

FP; 4K refresh; SR 

FP; 4K refresh; SR; 3.3-V 
FP; 2K refresh 

FP; 2K refresh; 3.3-V 

FP; 2K refresh; SR 

FP; 2K refresh; SR; 3.3-V 
Static-column 

FP; 4K refresh 

FP; 4K refresh; 3.3-V 

FP; 4K refresh; SR 

FP; 4K refresh; SR; 3.3-V 
FP; 2K refresh 

FP; 2K refresh; 3.3-V 

FP; 2K refresh; SR 

FP; 2K refresh; SR; 3.3-V 
Static-column 


8b 


89 


8h 


8i 
8j 


8k 
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pPD Org. Features 

4216160 1Mx16 FP; 4K refresh 8 
4216160L 1Mx 16 FP; 4K refresh; 3.3-V 
42816160 1Mx16_ FP; 4K refresh; SR 
42S16160L 1Mx16~ FP; 4K refresh; SR; 3.3-V 
4217160 1Mx16- FP; 2K refresh 

4217160L 1Mx16_ FP; 2K refresh; 3.3-V 
42817160 1Mx16_ FP; 2K refresh; SR 
42817160L 1Mx 16 FP; 2K refresh; SR; 3.3-V 
4218160 1Mx16 FP; 1K refresh 

4218160L 1Mx16_ FP; 1K refresh; 3.3-V 
42818160 1Mx16_ FP; 1K refresh; SR 
42S18160L 1Mx16 FP; iK refresh; SR; 3.3-V 
4216180 1Mx 18 FP; 4K refresh 8m 
4216180L 1i1Mx18_ FP; 4K refresh; 3.3-V 
42816180 1Mx18_ FP; 4K refresh; SR 
42S16180L 1Mx 18 FP; 4K refresh; SR; 3.3-V 
4217180 1Mx18~ FP; 2K refresh 

4217180. 1Mx18~ FP; 2K refresh; 3.3-V 
42817180 1Mx18 FP; 2K refresh; SR 
42S817180L 1Mx 18 FP; 2K refresh; SR; 3.3-V 
4218180 1Mx 18 FP; iK refresh 

4218180. 1Mx18 FP; 1K refresh; 3.3-V 
42518180 i1Mx18 FP; 1K refresh; SR 
42S18180L 1Mx 18 FP; 1K refresh; SR; 3.3-V 


FP = Fast-page 
SR = Self-refresh 
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Description 


The pPD4216100 and the uwPD4217100 are fast-page 
dynamic RAMs organized as 16,777,216 words by 1 bit 
and designed to operate from a single +5-volt power 
supply. Advanced polycide technology minimizes sili- 
con area and provides high storage cell capacity, high 
performance, and high reliability. A single-transistor 
dynamic storage cell and advanced CMOS circuitry 
throughout ensure minimum power dissipation, while 
an on-chip circuit internally generates the negative- 
voltage substrate bias—automatically and transpar- 
ently. 


The three-state output is controlled by CAS indepen- 
dent of RAS. After a valid read or read-modify-write 
cycle, data is held on the output by holding CAS low. 
The data output is returned to high impedance by 
returning CAS high. Fast-page read and write cycles 
can be executed by cycling CAS. 


Refreshing may be accomplished by means of a CAS 
before RAS cycle that internally generates the refresh 
address. Refreshing can also be accomplished by 
means of RAS-only refresh cycles or by normal read or 
write cycles. 


Two versions of the 16,777,216 x 1-bit DRAM are avail- 
able. The uPD4216100 version uses 4096 address com- 
binations Of Ap - Ay; to refresh the memory during a 
64-ms refresh period. The yPD4217100 version uses 
2048 address combinations of Ag - Ajo to refresh the 
memory during a 32-ms period. 


Both versions use row and column address combina- 
tions of Ao - Ay; for accessing the memory during read, 
write, and read-modify-write cycles. 


Features 


QO 16,777,216 by 1-bit organization 
QO Single +5-volt power supply 

0 Fast-page option 

© Low power dissipation 

Q CAS before RAS refresh cycles 
QO Multiplexed address inputs 


60160-1 





uPD4216100, 4217100 
16,777,216 x 1-Bit 
Dynamic CMOS RAM 


Q On-chip substrate bias generator 

QO TTL-compatible inputs and outputs 

QO Nonlatched, three-state outputs 

QO Low input capacitance 

Q 4K refresh cycles every 64 ms (4216100); 2K refresh 
cycles every 32 ms (4217100) 

QO 28/24-pin plastic SOJ (400 mil), 24-pin plastic ZIP 
(475 mil), and 28/24-pin plastic TSOP packaging 


Pin Configurations 


28/24-Pin Plastic SOJ 


pPD4216100, 4217100 





83FM-7864A 





yPD4216100, 4217100 


Pin Configurations 


28/24-Pin Plastic TSOP lee pees 


pPD4216100, 4217100 


Suffix -7JD in the package Identifier 
denotes normal pinout sequence. 





Suffix -7KD in the package identifier 
denotes reverse pinout sequence. 
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Pin Identification 











Name Function 

Ao - Ant Address inputs 

CAS Column address strobe 
Din Data input 

Dout . Data output 

RAS Row address strobe 
WE: Write enable 

GND = Ground 

Voc . +5-volt power supply 
NC .No connection 


Absolute Maximum Ratings 


Voltage on any pin relative to GND wee 71.0 to +7.0V 
Operating temperature, Topr Oto +70°C 
Storage temperature, Tetg = 455 to +125°C 
Short-circuit output current, log ae oe — SOmA 
Power dissipation, Pp ; a ; 1.0 W 


Exposure to Absolute Maximum Ratings for extended periods may 
affect device reliability; exceeding the ratings could cause perma- 
nent damage. The device should be opereted within the limits 
speed under bc and AC Characteristics. : 


Recommended Operating Conditions 








Parameter Symbol Min... Typ “Max .. Unit 
Input voltage, high =~ Vy (a Vee+ 1.0 V 
Input voltage, low Vy 10. (08 'V 
Supply. voltage Veco: 45. 50 5.5 _M 
Ambient temperature Ta 0 | ee 4 * ee 7 
Capacitance | 

Ta = 25°C; f = 1 MHz 
Parameter Sym *Max Unit Pins Under Test 


Input capacitance Cy 5 (7) pF Address, Din 
Ci 7&9 pF RAS, CAS, WE 
Output capacitance Co 79). .pF ...Dout 








*Values in parentheses are for the ZIP package. 


NV. KE Cc pyPD4216100, 4217100 


Ordering Information, ».PD4216100 (4K Refresh Cycles) 


RAS Access RW Cycle Fast-Page 
Part Number Time (max) Time (max) Cycle (max) Package 
uPD4216100LE-60 60 ns 110 ns 40 ns 28/24-pin plastic SOJ (400 mil) 
LE-70 70 ns 130 ns 45 ns 
LE-80 80 ns 150 ns 50 ns 
LE-10 100 ns 180 ns 60 ns 
puPD4216100V-60 60 ns 110 ns 40 ns 24-pin plastic ZIP 
V-70 70 ns 130 ns 45 ns 
V-80 80 ns 150 ns 50 ns 
V-10 : 100 ns 180 ns 60 ns 
uUPD4216100G5-60 60 ns 110 ns 40 ns 28/24-pin plastic TSOP (normal pinouts) 
_ GS-70 70 ns 130 ns 45 ns 
G5-80 80 ns 150 ns 50 ns 
uUPD4216100G5M-60 60 ns 110 ns 40 ns 28/24-pin plastic TSOP (reverse pinouts) 
G5M-70 70 ns 130 ns 45 ns 
G5M-80 80 ns 150 ns 50 ns 


Ordering Information, »PD4217100 (2K Refresh Cycles) 


RAS Access RW Cycle Fast-Page 
Part Number Time (max) Time (max) Cycle (max) Package 
uPD4217100LE-60 60 ns 110 ns 40 ns 28/24-pin plastic SOJ (400 mil). 
LE-70 70 ns 130 ns 45 ns 
LE-80 80 ns 150 ns 50 ns 
LE-10 100 ns 180 ns 60 ns 
uPD4217100V-60 60 ns 110 ns 40 ns 24-pin plastic ZIP 
~V-70 70 ns 130 ns 45 ns ° 
V-80 80 ns 150 ns 50 ns 
V-10 100 ns 180 ns 60 ns 
puPD4217100G5-60 60 ns 110 ns 40 ns 28/24-pin plastic TSOP (normal pinouts) 
G5-70 70 ns 130 ns 45 ns 
G5-80 80 ns 150 ns 50 ns: 
uUPD4217100G5M-60 60 ns 110 ns 40 ns 28/24-pin plastic TSOP (reverse pinouts) 
G5M-70 70 ns © 130 ns 45 ns 
G5M-80 80 ns 150 ns 50 ns 
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Block Diagram 


RAS Clock 
Generator 


CAS Before RAS 


Internal Refresh 
Clock 


Refresh Address 
Counter 


Multiplexer 


DC Characteristics 
Ta = Oto + 70°C; Voc = +5.0 V +10% 


Parameter Symbol 
Standby current loca 
Input leakage current Nay 
Output leakage current lo) 
Output voltage, low VoL 
Output voltage, high Vou 


Address Buffer 


Row Decoder 


Typ 


NEC 


WE Clock 
Generator 


Data VO Bus 


Column Decoder 
Sense Amplifier 


Memory Array 


Max 
2.0 
1.0 

10 
10 
0.4 


Unit 
mA 


mA . 


uA 
HA 





Test Conditions 

RAS = CAS = Vyy (min) 

RAS = CAS = Voc -0.2V 

Vin = 0 V to Voc; all other pins not under test = OV 
DouT disabled; Vout = 0V to Voc 

lot = 42mA 

lon = -S mA 


NEC 


AC Characteristics 


Ta = Oto +70°C; Vog = +5.0 V +10% 
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-60 -70 -80 -10 
Parameter Symbol Min) Max Min Max Min Max Min Max _ Unit Test Conditions 
Operating current, loct 90 80 70 60 mA RAS and CAS cycling; 
average (4216100) tao 2 taco min; 
lect 110 100 90 eT Ca ae) 
(4217100) 
Operating current, RAS- loca 90 80 70 60 mA RAS cycling; CAS = Vix; 
only refresh cycle, (4216100) tac = taco min; 
average ics 110 100 90 80 oh lo = 0 mA (Note 5) 
(4217100) 
Operating current, fast- loca 70 60 50 40 mA RAS s Vi; CAS cycling; 
page cycle, average (4216100) tpc = tac min; 
loca 70 60 50 40. mA (0-= OMA (Notes) 
(4217100) 
Operating current, CAS loos 90 80 70 60 mA __ RAS cycling; CAS before 
before RAS refresh cycle, (4216100) RAS; tac 2 tac min; 
average ike 110 100 90 80 a lo = 0 mA (Note 5) 
(4217100) 
Access time from column = tag 30 35 40 50 ns __ (Notes 7, 9) 
address 
Access time from CAS tacp 35 40 45 55 ns___ (Notes 7, 9) 
precharge (rising edge) 
Column address setup tasc 0 ce) 0 0 ns 
time 
Row address setup time tasR 0 ie) 0 0 ns 
Column address to WE tawp 30 35 40 50 ns _ (Note 16) 
delay time 
Access time from CAS toac 15 18 20 25 ns _ (Notes 7, 9) 
(falling edge) 
Column address hold toaH 15 15 15 20 ns 
time 
CAS pulse width toas 15 10000 18 10,000 20 10,000 25 10,000 ns 
CAS hold time for CAS tcHR 10 10 10 10 ns 
before RAS refresh cycle 
CAS to output in low toLz fe) fe) 0 0 ns _ (Note 7) 
impedance 
Fast-page CAS precharge top 10 10 10 10 ns 
time 
CAS precharge time topn 10 10 10 10 ns 
CAS to RAS precharge torp 5 5 5 5 ns _—_ (Note 12) 
time 
CAS hold time tosu 60 70 100 ns 
CAS setup time for CAS tcsr 5 5 5 5 ns 
before RAS refresh cycle 
CAS to WE delay towp 15 18 20 25 ns _ (Note 16) 
Write command to CAS towL 15 15 15 20 ns 
lead time 
Data-in hold time too 10 15 15 20 ns = (Note 15) 
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AC Characteristics (cont) 





-60 .. 70 -80 -10 

Parameter Symbol Min Max Min Max Min Max Min Max Unit Test Conditions 
Data-in setup time tos (0) 0 (¢) 0 ns (Note. 15) 
Output buffer turnoff torr 0 15 ie) 15 0 20 0 25 ns _—_ (Note 11) 
delay 
Fast-page cycle time tpc 40 45 50 60 ns _ (Note 6) 
Fast-page read-modify- tprwc 60 65 75 85 ns __ (Note 6) 
write cycle time 
Access time from RAS trac 60 70 80 100 ns __ (Notes 7, 8) 
RAS to column address trap 15 30 15 35 17 40 17 50 ns _—_ (Note 9) 
delay time 
Row address hold time tRAH 10 10 12 12 ns 
Column address lead tRaL 30 35 40 50 ns 
time referenced to RAS 
(rising edge) 
RAS pulse width tras 60 10000 70 10,000 80 10,000 100 10,000 ons 
Fast-page RAS pulse trRasp 60 125,000 70 125,000 80 125,000 100 125,000 ns 
width 
Random read or write trac 110 130 150 180 ns _—_ (Note 6) 
cycle time 
RAS to CAS delay time trop 20 40 20 50 25 60 25 75 ns (Note 10) 
Read command hold time tpoy 0 ie) 0 0 ns _—_ (Note 13) 
referenced to CAS 
Read command setup tacos 0 0 ie) 0 ns 
time 
Refresh period tReF 64 64 64 64 ms (Note 18) 

tReF 32 32 32 32 ms (Note 19) 
RAS hold time from CAS — trncop 35 40 45 55 ns 
precharge 
RAS precharge time trap 40 50 60 70 ns 
RAS precharge CAS hold = tapc 5 5 5 5 ns 
time 
Read command hold time = tary 0 0 ie) 0 ns _—_ (Note 138) 
referenced to RAS 
RAS hold time trsy 15 18 20 25 ns 
Read-write cycle time trwc 135 155 175 210 | ns __ (Note 6) 
RAS to WE delay trwo 60 70 80 100 ns __ (Note 16) 
Write command to RAS tRwL 20 20 20 25 ns 
lead time 
Rise and fall transition ty 3 50 3 50 3 50 3 50 ns _—_ (Note 3) 
time 
Write command hold tweou 10 . 10 15 20 ns 
time 
Write command setup twes 0 ie) 0 0 ns _— (Note 16) 
time 
WE hold time twHR 15 15 15 20 ns 
Write command pulse twp 10 10, 15 20 ns (Note 14) 
width 


NEC 


AC Characteristics (cont) 
-60 -70 
Parameter 


WE setup time twsr 10 10 


Notes: 
(1) All voltages are referenced to GND. 


(2) An initial pause of 100 ysis required after power-up, followed by 
any eight RAS cycles, before proper device operation is 
achieved. At the end of the initial power-up sequence, it is 
recommended that either a RAS-only refresh or a CAS before 
RAS refresh cycle be executed while WE = Vj, to ensure normal 
operation. 


(3) Ac measurements assume ty = 5ns. 


(4) Vin (min) and Vj. (max) are reference levels for measuring the 
timing of input signals. Transition times are measured between 
Vin and Vic. 


(©) loci locos: loc4, and locos depend on output loading and cycle 
rates. Specified values are obtained with the output open. Ioc3 
is measured assuming that all column address inputs are held at 
either a high level or a low level during RAS-only refresh cycles. 
loca is measured assuming that all column address inputs are 
switched only once during each fast-page cycle. 


(6) The minimum specifications are used only to indicate the cycle 
time at which proper operation over the full temperature range 
(Ta = 0 to + 70°C) is assured. 


(7) Load = 2 TTL (-1 mA, +4 mA) loads and 100 pF. 


(8) Assumes that tacp < trop (max) and trap < trap (max). If 
trcp Or trap is greater than the maximum recommended value 
in this table, trac increases by the amount that tacp or ‘RAD 
exceeds the value shown. 


(9) If trap = trap (max), then the access time is defined by tan. 


(10) Operation within the tagp (max) limit assures that trac (max) 
can be met. taop (max) is specified as a reference point only; if 
trop is greater than tacp (max), then access time is controlled 
exclusively by tcac. 


(11) torr (max) defines the time at which the output achieves the 
open-circuit condition and is not referenced to Voy or VoL. 


(12) The torp requirement should be applicable for RAS/CAS cycles 
preceded by any cycle. 


(13) Either tary or troy must be satisfied for a read cycle. 


(14) Parameter twp is applicable for a delayed write cycle such as a 
read-write/read-modify-write cycle. For early write operation, 
both twcs and twoy must be met. 


Symbol Min) Max Min Max 


uPD4216100, 4217100 


-80 -10 
Min Max Min Max Unit 
10 10 ns 


Test Conditions 


(15) These parameters are referenced to the falling edge of CAS for 
early write cycles and to the falling edge of WE for delayed write 
or read-modify-write cycles. 


(16) twes, tawp: tewp, and tawp are restrictive operating parame- 
ters in read-write/read-modify-write cycles only. If twos = twos 
(min), the cycle is an early write cycle and the data output will 
remain open-circuit throughout the entire cycle. Iftcwp 2 tcwp 
(min), tawp = tawp (min), and tawp = tawp (min), the cycle is 
a read-write cycle and the data output will contain data read 
from the selected cell. If neither of the above conditions is met, 
the condition of the data output pin (at access time and until 
CAS returns to Vi;j) is indeterminate. 


(17) Assumes that the test mode has been set. A test mode may be 
initiated by executing a CAS before RAS refresh cycle with WE 
held at V),. This mode also may be inadvertently initiated during 
power up because external control of the signal lines is very 
difficult during this period. It is therefore recommended that 
while WE is held at Vip, either a RAS: only ora CAS before RAS 
refresh cycle should be executed at any time after the end of the 
initial power up sequence to ensure normal device operation. 
Contact your NEC Electronics sales representative for more 
details. - 


(18) The y~PD4216100 RAS- only refresh (ROR) cycle uses 4096 exter- 
nal row address combinations of Ag - A411 to refresh the memory 
during a 64-ms refresh period (tae). Row and column address 
combinations of Ap - Ay; are used to access the memory during 
read, write, and read-modify-write cycles. CBR (CAS before 
RAS) and hidden CBR refresh cycles use 4096 internal row 
address combinations of Ag - Az to refresh the memory during a 
64-ms refresh period (tpef). 


(19) The uPD4217100 RAS-only refresh (ROR) cycle uses 2048 exter- 
nal row address combinations of Ag - Aig to refresh the memory 
during a 32-ms refresh period (taef). Row and column address 
combinations of Ap - Ayo are used to access the memory during 
read, write, and read-modify-write cycles. CBR (CAS before 
RAS) and hidden CBR refresh cycles use 2048 internal row 
address combinations of Ag - Aig to refresh the memory during a 
32-ms refresh period (tpeF). 
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Timing Waveforms 


Read Cycle 


High Impedance 
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Timing Waveforms (cont) 


Early Write Cycle 
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Timing Waveforms (cont) 


Late Write Cycle 


eee ee 
tRSH 
NA - ee 


tASR tRAD tCWL 


'RAH TASC tCAH tRWL 


MAM Row 
a ew 


TROS 
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Timing Waveforms (cont) 


Read-Write/Read-Modify-Write Cycle 


TRA tawD 


tASR = a L a ‘CPN 


‘ainliea 
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Timing Waveforms (cont) 


Fast-Page Read Cycle 
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Timing Waveforms (cont) 


Fast-Page Early Write Cycle 
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Timing Waveforms (cont) 


Fast-Page Read-Write/Read-Modify-Write Cycle 


LH, a 


TAWD 


tRWD tCWL ‘ow 


AY) age 


Te 
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Timing Waveforms (cont) 
Hidden Retresh Cycle 


Memory Cycle CAS Before RAS Cycle CAS Before RAS Cycle 
tre 
tRAS 


tOFF } 
High Impedance Valid. Data 
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Timing Waveforms (cont) 


RAS-Only Refresh Cycle 


High impedance 





NEC pPD4216101, 4217101 
16,777,216 x 1-Bit 
NEC Electronics Inc. Dynamic CMOS RAM 


Advance Information 


Description Q On-chip substrate bias generator 
; O TTL-compatible inputs and outputs 
The uPD4216101 and the 7PD4217101 are nibble-mode 4, Nonlatched, three-state outputs 
dynamic RAMs organized as 16,777,216 words by 1 bit a Low input capacitance 
and designed to operate from a single +5-volt power 0 4K refresh cycles every 64 ms (4216101); 
supply. Advanced polycide technology minimizes sili- 2K refresh cycles every 32 ms (4217101) 
con area and provides high storage cell capacity, high 0 28/24-pin SOJ (400 mil), 24-pin ZIP (475 mil), and 


performance, and high reliability. A single-transistor 28/24-pin TSOP plastic packaging 
dynamic storage cell and advanced CMOS circuitry 

throughout ensure minimum power dissipation, while | Pin Configurations 

an on-chip circuit internally generates the negative- 

voltage substrate bias—automatically and transpar- 28/24-Pin Plastic SOJ 

ently. 


pu PD4216101, 4217101 


The three-state output is controlled by CAS indepen- 
dent of RAS. After a valid read or read-modify-write 
cycle, data is held on the output by holding CAS low. 
The data output is returned to high impedance by 
returning CAS high. Nibble-mode read and write cycles 
can be executed by cycling CAS. 


Refreshing may be accomplished by a CAS before RAS 
cycle that internally generates the refresh address. 
Refreshing can also be accomplished by RAS-only 
refresh cycles or by normal read or write cycles. 


Two versions of the 16,777,216 by 1-bit nibble-mode 
dynamic RAM are available. The uPD4216101 version 
uses 4096 address combinations of Apo - Aj; to refresh 
the memory during a 64-ms refresh period. The 
UPD4217101 version uses 2048 address combinations 
Of Ag - Ayo to refresh the memory during a 32-ms refresh 
period. 


Both versions use row and column address combina- 
tions of Ag - Ay, for accessing the memory during read, 
write, and read-modify-write cycles. 


Features 


16,777,216 by 1-bit organization 
Single +5-volt power supply 
Nibble-mode option 

Low power dissipation 

CAS before RAS refresh cycles 
Multiplexed address inputs 


oonoaodan Ga 





Contact your NEC sales representative for complete data sheet and product availability. 
60175 
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Pin Configurations (cont) 


28/24-Pin Plastic TSOP (Normal Pinouts) 28/24-Pin Plastic TSOP (Reverse Pinouts) 





HPD4216101, 4217101 


Suffix-7KD in the package Identifier 
denotes reverse pinout sequence. 


Suffix -7JD in the package Identifier 
denotes normal pinout sequence. 





Intemal Refresh 
Clock 


8 
& 
3 
© 
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Ordering Information, »PD4216101 (4K refresh cycles) 


RAS Access R/W Cycle Nibble-Mode 
Part Number Time (max) Time (max) Cycle (max) Package 
UPD4216101LE-60 60 ns 110 ns 40 ns 28/24-pin plastic SOJ (400 mil) 
LE-70 70 ns 130 ns 40 ns 
LE-80 80 ns 150 ns 40 ns 
LE-10 100 ns 180 ns 45 ns 
uPD4216101V-60 60 ns 110 ns 40 ns 24-pin plastic ZIP 
V-70 70 ns 130 ns 40 ns 
V-80 80 ns 150 ns 40 ns 
V-10 100 ns 180 ns 45 ns 
uUPD4216101G5-60 60 ns 110 ns 40 ns 28/24-pin plastic TSOP (normal pinouts) 
G5-70 70 ns 130 ns 40 ns 
G5-80 80 ns 150 ns 40 ns 
G5-10 100 ns 180 ns 45 ns 
UPD4216101G5M-60 60 ns 110 ns 40 ns 28/24-pin plastic TSOP (reverse pinouts) 
G5M-70 70 ns 130 ns 40 ns 
G5M-80 80 ns 150 ns 40 ns 
G5M-10 100 ns 180 ns 45 ns 


Ordering Information, ».PD42171061 (2K refresh cycles) 


RAS Access R/W Cycle Nibble-Mode 
Part Number Time (max) Time (max) Cycle (max) Package 
uPD4217101LE-60 60 ns 110 ns 40 ns 28/24-pin plastic SOJ (400 mil) 
LE-70 70 ns 130 ns 40 ns 
LE-80 80 ns 150 ns 40 ns 
LE-10 100 ns 180 ns 45 ns 
UPD4217101V-60 60 ns 110 ns 40 ns 24-pin plastic ZIP 
V-70 70 ns 130 ns 40 ns 
V-80 80 ns 150 ns 40 ns 
V-10 100 ns 180 ns 45 ns 
uPD4217101G5-60 60 ns 110 ns 40 ns 28/24-pin plastic TSOP (normal pinouts) 
G5-70 70 ns 130 ns 40 ns 
G5-80 80 ns 150 ns 40 ns 
G5-10 100 ns 180 ns 45 ns 
uPD4217101G5M-60 60 ns 110 ns 40 ns 28/24-pin plastic TSOP (reverse pinouts) 
G5M-70 70 ns 130 ns 40 ns 
G5M-80 80 ns 150 ns 40 ns 
G5M-10 100 ns 180 ns 45 ns 
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NEC 


NEC Electronics Inc. 


Advance Information 


Description 


The pPD4216102 and the uPD4217102 are static-column 
dynamic RAMs organized as 16,777,216 words by 1 bit 
and designed to operate from a single +5-volt power 
supply. Advanced polycide technology minimizes sili- 
con area and provides high storage cell capacity, high 
performance, and high reliability. A single-transistor 
dynamic storage cell and advanced CMOS circuitry 
throughout ensure minimum power dissipation, while 
an on-chip circuit internally generates the negative- 
voltage substrate bias—automatically and transpar- 
ently. 


The three-state output is controlled by CS independent 
of RAS. After a valid read or read-modify-write cycle, 
data is held on the output by holding CS low. The data 
output is returned to high impedance by returning CS 
high. Static-column read and write cycles can be exe- 
cuted by cycling CS. 


Refreshing may be accomplished by a CS before RAS 
cycle that internally generates the refresh address. 
Refreshing can also be accomplished by RAS-only 
refresh cycles or by normal read or write cycles. 


Two versions of the 16,777,216 by 1-bit static-column 
dynamic RAM are available. The uPD4216102 version 
uses 4096 address combinations of Apo - Aj; to refresh 
the memory during a 64-ms refresh period. The 
uPD4217102 version uses 2048 address combinations 
Of Ag - Aig to refresh the memory during a32-ms refresh 
period. 


Both versions use row and column address combina- 
tions of Ag - A, to access the memory during read, 
write, and read-modify-write cycles. 


Features 


16,777,216 by 1-bit organization 
Single +5-volt power supply 
Static-column option 

Low power dissipation 

CS before RAS refresh cycles 
Multiplexed address inputs 
On-chip substrate bias generator 


oboo0aojadanona 





pPD4216102, 4217102 
16,777,216 x 1-Bit 
Dynamic CMOS RAM 


O TTL-compatible inputs and outputs 

QO Nonlatched, three-state outputs 

© Low input capacitance 

QO 4K refresh cycles every 64 ms (4216102); 
2K refresh cycles every 32 ms (4217102) 

QO 28/24-pin plastic SOU (400-mil), 24-pin plastic ZIP 
(475 mil), and 28/24-pin plastic TSOP packaging 


Pin Configurations 


28/24-Pin Plastic SOJ 


pPD4216102, 4217102 


Contact your NEC sales representative for a complete data sheet and product availability. 
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Pin Configurations (cont) 


28/24-Pin Plastic TSOP (Normal Pinouts) 28/24-Pin Plastic TSOP (Reverse Pinouts) 


uPD4216102, 4217102 uPD4216102, 4217102 


Suffix -7KD In the package Identifier 


Suffix -7JD In the package Identifier 
denotes reverse pinout sequence. 


denotes normal pinout sequence. 





Block Diagram 


CS Clock 
Generator 


CS Before RAS 


intemal Refresh 
Clock 
Refresh Address Data VO Bus 
Counter 


Sense Amplifier 


Address Buffer 
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Ordering Information, ».PD4216102 (4K refresh cycles) 





RAS Access R/W Cycle Static-Column 
Part Number Time (max) Time (max) Cycle (max) Package 
uUPD4216102LE-60 60 ns 110 ns 40 ns 28/24-pin plastic SOJ (400 mil) 
LE-70 70 ns 130 ns 40 ns 
LE-80 80 ns 150 ns 50 ns 
LE-10 100 ns 180 ns 60 ns 
uUPD4216102V-60 60 ns 110 ns 40 ns 24-pin plastic ZIP 
V-70 70 ns 130 ns 40 ns 
V-80 80 ns 150 ns 50 ns 
V-10 100 ns 180 ns 60 ns 
HPD4216102G5-60 60 ns 110 ns 40 ns 28/24-pin plastic TSOP (normal pinouts) 
G5-70 70 ns 130 ns 40 ns 
G5-80 80 ns 150 ns 50 ns 
G5-10 100 ns 180 ns 60 ns 
uPD4216102G5M-60 60 ns 110 ns 40 ns 28/24-pin plastic TSOP (reverse pinouts) 
G5M-70 70 ns 130 ns 40 ns 
G5M-80 80 ns 150 ns 50 ns 
G5M-10 100 ns 180 ns 60 ns 





Ordering Information, ».PD4217102 (2K refresh cycles) 








RAS Access R/W Cycle Static-Column 
Part Number Time (max) Time (max) Cycle (max) Package 
uPD4217102LE-60 60 ns 110 ns 40 ns 28/24-pin plastic SOJ (400 mil) 
LE-70 70 ns 130 ns 40 ns 
LE-80 80 ns 150 ns 50 ns 
LE-10 100 ns 180 ns 60 ns 
uPD4217102V-60 60 ns 110 ns 40 ns 24-pin plastic ZIP 
V-70 70 ns 130 ns 40 ns 
V-80 80 ns 150 ns 50 ns 
V-10 100 ns 180 ns 60 ns 
uPD4217102G5-60 60 ns 110 ns 40 ns 28/24-pin plastic TSOP (normal pinouts) 
G5-70 70 ns 130 ns 40 ns 
G5-80 80 ns 150 ns 50 ns 
G5-10 100 ns 180 ns 60 ns 
uPD4217102G5M-60 60 ns 110 ns 40 ns 28/24-pin plastic TSOP (reverse pinouts) 
G5M-70 70 ns 130 ns 40 ns 
G5M-80 80 ns 150 ns 50 ns 
G5M-10 100 ns 180 ns 60 ns 


o 
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NEC Electronics Inc. 


Description 


The pPD4216400 and the uPD4217400 are fast-page 
dynamic RAMs organized as 4,194,304 words by 4 bits 
and designed to operate from a single +5-volt power 
supply. Advanced polycide technology minimizes sili- 
con area and provides high storage cell capacity, high 
performance, and high reliability. A single-transistor 
dynamic storage cell and CMOS circuitry throughout 
ensure minimum power dissipation, while an on-chip 
circuit internally generates the negative-voltage sub- 
Strate bias—automatically and transparently. 


The three-state I/O pins are controlled by CAS indepen- 
dent of RAS. After a valid read or read-modify-write 
cycle, data is held on the outputs by maintaining CAS 
low. Data outputs return to high impedance when CAS 
goes high. Fast-page read and write cycles can be 
executed by cycling CAS. 


Refreshing may be accomplished by means of a CAS 
before RAS cycle that internally generates the refresh 
address. Refreshing may also be accomplished by 
means of RAS-only refresh cycles or by normal read or 
write cycles. 


Two versions of the 4,194,304 x 4-bit DRAM are avail- 
able. The uPD4216400 version uses 4096 address com- 
binations of Ap - Ay, to refresh the memory during a 
64-ms refresh period. Row address combinations Apo - 
Ai; and column address combinations Ap-Ag are 
used for accessing the memory during read, write, and 
read-modify-write cycles. 


The uPD4217400 version uses 2048 address combina- 
tions Of Ag - Ayo to refresh the memory during a 32-ms 
period. Row and column address combinations Ao - 
Aio are used for accessing the memory during read, 
write, and read-modify-write cycles. 


Features 


4,194,304 by 4-bit organization 
Single +5-volt power supply 
Fast-page option 

Low power dissipation 

CAS before RAS refreshing 
Multiplexed address inputs 
On-chip substrate bias generator 
TTL-compatible inputs and outputs 
Nonlatched, three-state outputs 
Low input capacitance 


ooanuo0cagagagvmUmd aaa 


60161-1 








pPD4216400, 4217400 
4,194,304 x 4-Bit 
Dynamic CMOS RAM 


QO 4K refresh cycles every 64 ms (4216400); 2K refresh 
cycles every 32 ms (4217400) 

O 28/24-pin plastic SOJ (400 mil), 24-pin plastic ZIP, 
and 28/24-pin plastic TSOP packaging 


Pin Configurations 


28/24-Pin Plastic SOJ 


pPD4216400, 4217400 


24-Pin Plastic ZIP 


CAS 
VO4 
Voc 
VOo et oi 
RAS 11 [exe 


Ajo 13 fec£ | 
Ay 15 [cE - 
Ag 17 se 

GND 19 [::£" 
Ag 21 [ccf 
A7 23 [ace 


* Pin 12 is NC for 4217400 





pPD4216400, 4217400 


Pin Configurations 


28/24-Pin Plastic TSOP (Normal Pinouts) 





pPD4216400, 4217400 


Ao 
Ay 
Aa 
Ag 
Voc 
* Pin 6 is NC for 4217400 


Suffix —-7JD in the package identifier 
denotes normal pinout sequence. 


* Pin 23 is NC for 4217400 


Suffix -7KD in the package identifier 
denotes reverse pinout sequence. 





NEC 


Pin Identification 


Name Function 

Ao - A14 Address inputs (uPD4216400) 
Ao - A1o Address inputs (uPD4217400) 
VO, - VO4 . _ Data inputs and outputs 
CAS . Column address strobe 

OE Output enable 

RAS Row address strobe 

WE . Write enable 

GND Ground 

Voc + 5-volt power supply 


Absolute Maximum Ratings 


Voltage on any pin relative to GND : -1,.0 to +7.0V 
Operating temperature, Topp 0 to +70°C 
Storage temperature, Tete -55 to + 125°C 
Short-circuit output current, log 50 mA 
Power dissipation, Pp 1.0W 





Exposure to Absolute Maximum Ratings for extended periods may 
affect device reliability; exceeding the ratings could cause perma- 
nent damage. The device should ‘be operated within the limits 
specified under DC and AC Characteristics. 


Recommended Operating Conditions 


Parameter Symbol Min Typ Max Unit 
input voltage, high Vi 2.4 Voo+ 10 V 
Input voltage, low VIL -1.0 0.8 Vv 
Supply voltage Vec 45 50. «6 Vv 
Ambient temperature Ta 0 ' 70 °C 
Capacitance 

Ta = 25°C; f = 1 MHz 

Parameter Sym ‘*Max Unit Pins Under Test __ 


Input capacitance Cy 5 (7) pF Addresses. 
Cp 7 Q) pF RAS, CAS, WE, OE 


Input/output Co 7 (9) pF VO, - 4 
capacitance 


* Values in parentheses are for the ZIP package. 
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Ordering Information, ».PD4216400 (4K Refresh Cycles) 





RAS Access R/W Cycle Fast-Page 
Part Number Time (max) Time (max) Cycle (max) Package 
uUPD4216400LE-60 60 ns 110 ns 40 ns 28/24-pin plastic SOJ (400 mil) 
LE-70 70 ns 130 ns 45 ns 
LE-80 80 ns 150 ns 50 ns 
LE-10 100 ns 180 ns 60 ns 
uPD4216400V-60 60 ns 110 ns 40 ns 24-pin plastic ZIP 
V-70 70 ns 130 ns 45 ns 
V-80 80 ns 150 ns 50 ns 
V-10 100 ns 180 ns 60 ns 
uPD4216400G5-60 60 ns 110 ns 40 ns 28/24-pin plastic TSOP (normal pinouts) 
G5-70 70 ns 130 ns 45 ns 
G5-80 80 ns 150 ns 50 ns © 
uUPD4216400G5M-60 60 ns 110 ns 40 ns 28/24-pin plastic TSOP (reverse pinouts) 
G5M-70 70 ns 130 ns 45 ns 
G5M-80 80 ns 180 ns 50 ns 





Ordering Information, 1.PD4217400 (2K Refresh Cycles) 


RAS Access RW Cycle Fast-Page 
Part Number Time (max) Time (max) Cycle (max) Package 
uUPD4217400LE-60 60 ns 110 ns 40 ns 28/24-pin plastic SOJ (400 mil) 
LE-70 70 ns 130 ns 45 ns 
LE-80 80 ns 150 ns 50 ns 
LE-10 100 ns 180 ns 60 ns 
uUPD4217400V-60 60 ns 110 ns 40 ns 24-pin plastic ZIP 
V-70 70 ns 130 ns 45 ns 
V-80 80 ns 150 ns 50 ns 
V-10 100 ns 180 ns 60 ns 
uPD4217400G5-60 60 ns 110 ns 40 ns 28/24-pin plastic TSOP (normal pinouts) 
G5-70 70 ns 130 ns 45 ns | 
G5-80 80 ns 150 ns 50 ns 
uPD4217400G5M-60 60 ns 110 ns 40 ns 28/24-pin plastic TSOP (reverse pinouts) 
G5M-70 70 ns 130 ns 45 ns 
G5M-80 80 ns 150 ns 50 ns 
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Block Diagram 


RAS Clock CAS Clock 

Generator Generator =o 
WE Clock 
Generator 


CAS — —- WE 
CAS Before RAS ee 


OE Clock 
Internal Refresh : OE Generator 
Clock Data-in 
Buffer 
Data /O Bus 
Counter 


Column Decoder Data-out 
Buffer 
Sense Amplifier 


Memory Array 


& 
5 
2 
2 
= 
5 
= 


eee e@ ee. 66°86 ee .° 
Address Buffer 
Row Decoder 
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DC Characteristics 
Ta = Oto +70°C; Vog = +5.0V £10% 


Parameter Symbol Min Typ Max Unit Test Conditions 
Standby current loce 2.0 mA RAS = CAS = Viq (min); lp = OMA 
1.0 mA RAS = CAS = Voc - 0.2 V; lo = OMA 
Input leakage current ly ~10 10 uA Vin = OV to Vcc; all other pins not under test = OV 
Output leakage current low) -10 10 HA Dout disabled; Voyt = OV toVoo 
Output voltage, low VoL 0.4 Vv lo. = 4.2mA 
Output voltage, high Von 2.4 V lon = -5 mA 


KE C uPD4216400, 4217400 


AC Characteristics 
Ta = Oto + 70°C; Vog = +5.0 V +10% 


2 




















-60 -70 -80 -10 
Parameter Symbol Min) Max Min Max Min Max Min Max _ Unit Test Conditions 
Operating current, loot 90 80 70 60 mA RAS and CAS cycling; 
average (4216400) tac 2 tac min; 
loos 110 100 90 20 avs Os Neto) 
(4217400) 
Operating current, RAS- loos 90 80 70 60 mA RAS cycling; CAS = Vin; 
only refresh cycle, (4216400) tro 2 tro min; 
average ieee 110 400 90 80 mA lo = 0 mA (Note 5) 
(4217400) 
Operating current, fast- loca 70 60 50 40 mA RAS s Vj; CAS cycling; 
page cycle, average (4216400) tpc = tro min; 
lees 70 60 50 40. mA 'o= OmA (Note 5) 
(4217400) 
Operating current, CAS locs 90 80 70 60 mA __ RAS cycling; CAS before 
before RAS refresh cycle, (4216400) RAS; tac = tac min; 
average Tiss — 1 10 —-- 4 100 —— 90 Zz r 80 ee lo = 0 mA (Note 5} 
(4217400) 
Access time from column — tag 30 35 40 50 ns _ (Notes 3, 4, 7, 8) 
address 
Access time from CAS tacp 35 40 45 55 ns _— (Notes 3, 4, 7, 8) 
precharge (rising edge) 
Column address setup tasc 0 0 0 0 ns 
time 
Row address setup time tasR ce) 0 0 co) ns 
Column address to WE tawp 55 60 70 85 ns _—_ (Note 14) 
delay time 
Access time from CAS toac 15 18 20 25 ns (Notes 3, 4, 7, 8) 
(falling edge) 
Column address hold toaH 15 15 15 20 ns 
time 
CAS pulse width toas 15 10,000 18 10,000 20 10,000 25 10,000 ns 
CAS hold time for CAS tour 10 10 10 10 ns 
before RAS refresh cycle 
CAS to output in low toLz 0 0 0 0 ns ___ (Notes 4, 7) 
impedance 
Fast-page CAS precharge top 10 10 10 10 ns 
time 
CAS precharge time topn 10 10 10 10 ns 
CAS to RAS precharge tornp 5 5 5 5 ns__—_ (Note 10) 
time 
CAS hold time tosH 60 70 80 100 ns 
CAS setup time for CAS tosr 5 5 5 5 ns 
before RAS refresh cycle 8d | 
CAS to WE delay town. 40 43 50 60 ns (Note 14) 
Write command to CAS tow. 15 15 15 20 ns 
lead time 
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AC Characteristics (cont) 








2 -60 _ 270 _ 80. -10 
Parameter Symbol Min) Max Min Max Min Max Min Max _ Unit Test Conditions 
Data-inholdtime © — tpy 10 45 15 20 ns (Note 13) . 
Data-in setup time tos 0 0 0 0 ns _—_ (Note 13) 
Access time from OE toEA . 15 18 20 25 ns _ (Notes 3, 4, 7, 8) 
OE delay data time toED 15 15 20 25 ns 
GE command holdtime — tog 0 0 0 ) ns 
OE to inactive setup time toes 0 ) 0 9) ons 
Output turnoff delay from = togz 0 15 0 15 0 20 0 25 ns —_ (Note 9) 
OE 
Output buffer turnoff torr 0 15 0 15° 0 20 0 25 ‘ns —_ (Note 9) 
delay , 
OE to output in low-Z toLz 0 0 0 0 ns (Notes 4, 6, 7) 
Fast-page cycle time tpc 40 45 . 50 60 ns (Note 6) 
Fast-page read-modify- tprwco 85 90 105 120 ns (Note 6) 
write cycle time 
Access time from RAS trac 60 70 80 100 ns __ (Notes 3, 4, 7, 8) 
RAS to column address trap 15 30 15 35 17 40 17 50 ns = (Note 8) 
delay time 
Row address hold time traH 10 10 - 12 12 ns 
Column address lead tRaL 30 35 40 50 ns 
time referenced to RAS 
(rising edge) 
RAS pulse width tras 60 10,000 70 10,000 80 10,000 100 10,000 ns 
Fast-page RAS pulse trasp 60 125,000 70 125,000 80 125,000 100 125,000 ns 
width 
Random read or write tre 110 130 150 180 ns__—_ (Note 6) 
cycle time 
RAS to CAS delay time trop 20 40 20 50 25 60 25 75 ns (Note 8) 
Read command hold time tach 0 0 0 0 ns _ (Note 11) 
referenced to CAS e 
Read command setup tres Oo. 0 0 0 ns 
time ; : 
Refresh period tREF 64 64 64 64 ms (Note 16) 
tREF 32 32 32 32 ms (Note 17) 
RAS hold time from CAS —_ taricp 35 40 45 55 ns 
precharge 
RAS precharge time tap 40 50. 60 70 ns 
RAS precharge CAS hold trpc 5 5 5 5 ns 
time ; 
Read command holdtime — trrH ) i) 0 0 ns (Note 11) 
. referenced to RAS 
.” RAS hold time trsH 15 18 20 25 ns 
Read-write cycle time tawo 160, 180 205 245 ns (Note 6) - 
RAS to WE delay trwo 85 95 110 135 ns __ (Note 14) 
Write command to RAS tRwe 20 20 : 20 25 ns 
lead time 


NEC 


AC Characteristics (cont) 


pPD4216400, 4217400 


-60 -70 -80 -10 
Parameter Symbol Min) Max Mir Max Min Max Min Max _ Unit Test Conditions 
Rise and fall transition ty 3 50 3 50 3 50 3 50 ns___ (Note 4) 
time 
Write command hold tweou 10 10 15 20 ns = (Note 12) 
time 
Write command setup twes 0 0 0 0: ns = (Note 14) 
time 
WE hold time twuR 15 15 15 20 ns 
Write command pulse twp 10 10 15 20 ns ___ (Note 12) 
width 
WE setup time twsr 10 10 10 10 ns 
Notes: 


(1) 
(2) 


(3) 


All voltages are referenced to GND. 


An initial pause of 100 us is required after power-up, followed by 
any eight RAS cycles, before proper device operation is 
achieved. At the end of the initial power-up: sequence, it is 
recommended that either a RAS-only or CAS before RAS refresh 
cycle be executed while WE = Vj; to ensure normal operation. 


Ac measurements assume ty = 5ns. 


(14) twos, tawp, tewp, and tawp are restrictive operating parame- 


ters in read-write/read-modify-write cycles only. Iftwos = twos 
(min), the cycle is an early write cycle and the data 1/O pins will 
remain open-circuit throughout the entire cycle. If tewp 2 tcwo 
(min), tawp = tawp (min), andtawp = tawp (min), then the cycle 
is a read-write cycle and the data I/O pins will contain data read 
from the selected cells. If neither of the above conditions is met, 
the condition of the data I/O pins (at access time and until CAS 


(4) Vin (min) and Vy (max) are reference levels for measuring the returns to Vy) is indeterminate. 
timing of input signals. Transition times are measured between (15) Assumes that the test mode has been set. A test mode may be 
Vin and Vir. initiated by executing a CAS before RAS refresh cycle with WE 
(©) lect lees: loca: and legs depend on output loading and cycle held at Vi. This mode also may be inadvertently initiated during 
rates. Specified values are obtained with the output open. Ioc3 power up because external control of the signal lines is very 
is measured assuming that all column address inputs are held at difficult during this period. It is therefore recommended that 
either a high level or a low level during RAS-only refresh cycles. while WE is held at Vip, either a RAS-only or a CAS before RAS 
loca is measured assuming that all column address inputs are refresh cycle should be executed at any time after the end of the 
switched only once during each fast-page cycle. initial power up sequence to ensure normal device operation. 
Me Pe a3 Contact your NEC Electronics sales representative for more 
(6) The minimum specifications are used only to indicate the cycle details. 
time at which proper operation over the full temperature range 
(Ta=0 to + 70°C) is assured. (16) The Albacete RAS- only refresh (ROR) cycle uses ce exter- 
nal row address combinations of Ag - Ay_ to refresh the memory 
(7) Load = 2TTL (-1 mA, +4 mA) loads and 100 pF. during a 64-ms refresh period a Rew address combinations 
(8) lf taop = tacs (max) and trap = trap (max) access time is of Ao - Ayz and column address combinations of Ag - Ag are used 


(9) 
(10) 
(11) 


(12) 


(13) 


defined by taac (max). If taop 2 tacp (max) access time is 
defined by tcac (max) and if trap = trap (max) access time is 
defined by taa (max). 

torr (max) and toez (max) define the time at which the outputs 
become open-circuit and are not referenced to Voy or Vo. 


The tcorp requirement should be applicable for RAS/CAS cycles 
preceded by any cycle. 


Either tany or tacy must be satisfied for a read cycle. 


Parameter twp is applicable for a delayed write cycle such as a 
read-write/read-modify-write cycle. For early write cycles, both 
twos and twoH must be met. 


These parameters are referenced to the falling edge of CAS for 
early write cycles and to the falling edge of WE for delayed write 
or read-modify-write cycles. 


to access the memory during read, write, and read-modify-write 
cycles. CBR (CAS before RAS) and hidden CBR refresh cycles 
use 4096 internal row address combinations of Ag-A41 to 
tefresh the memory during a 64-ms refresh period (ter). 


(17) The uPD4217400 RAS-only refresh (ROR) cycle uses 2048 exter- 


nal row address combinations of Ag - Ayo to refresh the memory 
during a 32-ms refresh period (taef). Row and column address 
combinations of Ag - Ajo are used to access the memory during 
read, write, and read-modify-write cycles. CBR (CAS before 
RAS) and hidden CBR refresh cycles use 2048 internal row 
address combinations of Ag - Aig to refresh the memory during a 
32-ms refresh period (tper). 
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Timing Waveforms 


Read Cycle 


High Impedance 


Input/Output 





NV. EK Cc uPD4216400, 4217400 


Timing Waveforms (cont) 





Early Write Cycle 


RY 


Address 


OO 


{1] OE = don't care. 
83YL-6978B 
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Timing Waveforms (cont) 


Late Write Cycle 


«TTT 


NEC 


ONY 


DULL. 


toEH 


= TLL || MASS 
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Timing Waveforms (cont) 


Read-Write/Read-Modify-Write Cycle 





Address 


| twe 
o Cae | _ AMM 
ow one ys} EX — OER 


tRAC 


ra toLz 
teLz 


83YL-6980B 
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Timing Waveforms (cont) 


Fast-Page Read Cycle 


Address 


tOES 


ee EN | Woo 


| 
| ICA 'OEZ 'OEA 'OEZ 'OEZ 
tRAC 'OFF tCAC. tOFF ‘CAC ‘OFF 


High 
High Impedance | | | ; " 
Input/Output _—— UN Valid Data-out ‘» Valid Data-out iy Valid Data-out mnpedence 


toLz >| TOLZ TOLZ 
tcLz tCLz 


83VB-6786B 
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NEC 


Timing Waveforms (cont) 


Fast-Page Early Write Cycle 


Address 


Input/Output 


\\ 


tRAD tASC 
tTASR 


Note: 
[1] OE = don't care. 


'RAH 
R= KW a= i 


tcAH tasc 
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tcAH ‘asc 


83YL-6981B 
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Timing Waveforms (cont) 


Fast-Page Late Write Cycle 


iI 


tWCH 


tOEH 


tae tees = 
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Timing Waveforms (cont) 


Fast-Page Read-Write/Read-Modify-Write Cycle 


(ect en, Sone 


tcrP tRCD ‘CAS 


i \ 
tRAD 
tASR tCAH TRAL: 


tRAH tasc tag l<tcan 
| | 
wes ) RR coumw HRN 
aaess XX row) ay RY 
i | as aceaaacoam | tCWL 
tres tCWL tRWL 
| tcwo 


=) "WF Wy 


tOEA 
tcac 


Input/Output ah Impedance | ® (oe) , 
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Timing Waveforms (cont) 


Hidden Refresh Cycle 
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Memory Cycle CAS Before RAS Cycle CAS Before RAS Cycle 
tr IRC tre 
tRAS tras— tRAS 


tcRP 


TASC 
TRAH TCAH 


tASR tRAD | ‘PAL 


Address My {now iM Column 
[rae] | 


| 
ie 


| 


tOFF 


tOEZ 
toLz 


High imped High 

l im ance 

Input/Output a x Valid Data-out \_impedance 
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Timing Waveforms (cont) 


RAS-Only Refresh Cycle 


tap 
'RPC 


AUN 


Input/Output 


Notes: 
[1] WE = OE = don't care. 





CAS Before RAS Refresh Cycle 


tap 


XZ/ 


weno Le 
=U} KOO 


High Impedance 
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NEC 


NEC Electronics Inc. 


Advance Information 


Description 


The pPD4216402 and the puPD4217402 are static- 
column dynamic RAMs organized as 4,194,304 words 
by 4 bits and designed to operate from a single +5-volt 
power supply. Advanced polycide technology mini- 
mizes silicon area and provides high storage cell ca- 
pacity, high performance, and high reliability. A single- 
transistor dynamic storage cell and advanced CMOS 
Circuitry throughout ensure minimum power dissipa- 
tion, while an on-chip circuit internally generates the 
negative-voltage substrate bias—automatically and 
transparently. 


The three-state I/O pins are controlled by CS indepen- 
dent of RAS. After a valid read or read-modify-write 
cycle, data is held on the outputs by maintaining CS 
low. Data outputs return to high impedance when CS 
goes high. Static-column read and write cycles can be 
executed by cycling CS. 


Refreshing may be accomplished by a CS before RAS 
cycle that internally generates the refresh address. 
Refreshing can also be accomplished by RAS-only 
refresh cycles or by normal read or write cycles. 


Two versions of the 4,194,304 by 4-bit static-column 
dynamic RAM are available. The u4PD4216402 version 
uses 4096 address combinations of Ag - Aj; to refresh 
the memory during a 64-ms refresh period. The 
UPD4217402 version uses 2048 address combinations 
Of Ap - Ayo to refresh the memory during a32-ms refresh 
period. 


To access the memory during read, write, and read- 
modify-write cycles, the uPD4216402 uses row address 
combinations of Ag - Ay, and column address combi- 
nations of Ag-Ag. The wPD4217402 uses row and 
colum address combinations of Ag - Ajo. 


Features 


oO 


4,194,304 by 4-bit organization 
Single +5-volt power supply 
Static-column option 

Low power dissipation 

CS before RAS refresh cycles 
Multiplexed address inputs 


og 


ooo ono 








éMPD4216402, 4217402 
4,194,304 x 4-Bit 
Dynamic CMOS RAM 


On-chip substrate bias generator 
TTL-compatible inputs and outputs 

Nonlatched, three-state outputs 

Low input capacitance 

4096 refresh cycles every 64 ms (4216402); 

2048 refresh cycles every 32 ms (4217402) 
28/24-pin SOJ (400-mil), 24-pin ZIP (475-mil), and 
28/24-pin TSOP plastic packaging 


ooo0oaoao 


Q 


Pin Configurations 


28/24-Pin Plastic SOJ 


uPD4216402, 4217402 


24-Pin Plastic ZIP 


RAS 11 Jc: a 


Aig 13 fecf 
Aq 15 [ez _ 
Ag 17 Ju: a 

GND 19 Ji:f | 
Ag 21 fo: 3 
Az 23 fcp 





* Pin 12 Is NC for 4217402 


Contact your NEC sales representative for a complete data sheet and product availability. 
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Pin Configurations (cont) 


28/24-Pin Plastic TSOP (Normal Pinouts) 28/24-Pin Plastic TSOP (Reverse Pinouts) 


uPD4216402, 4217402 pw PD4216402, 4217402 


* Pin 6 Is NC for 4217402 * Pin 23 Is NC for 4217402 


Suffix ~7JD in the package Identifier Suffix -7KD in the package Identifier 
denotes normal pinout sequence. denotes reverse pinout sequence. 





Block Diagram 


RAS Clock CS Clock 
Generator Generator 
i WE Clock 
E Generator 


— —- WE 
CS Before RAS 


OE Clock 
Internal Refresh = Generator 


Clock Data-in 
Buffer 


" Data-out 
Buffer 


YO4 
VOq 


ol. % i 
e 8 5 3 
ame: g 
o = 5 : 
e 2 fe 
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Ordering Information, »PD4216402 


RAS Access R/W Cycle Fast-Page Number of 
Part Number Time (max) Time (max) Cycle (max) Refresh Cycles Package 
uPD4216402LE-60 60 ns 110 ns 40 ns 4096 28/24-pin plastic SOJ (400 mil) 
LE-70 70 ns 130 ns 45 ns 
LE-80 80 ns 150 ns 50 ns 
LE-10 100 ns 180 ns 60 ns 
uPD4216402V-60 60 ns 110 ns 40 ns 4096 24-pin plastic ZIP 
V-70 70 ns 130 ns 45 ns 
V-80 80 ns 150 ns 50 ns 
V-10 100 ns 180 ns 60 ns 
UPD4216402G5-60 60 ns 110 ns 40 ns 4096 28/24-pin plastic TSOP (normal pinouts) 
G5-70 70 ns 130 ns 45 ns 
G5-80 80 ns 150 ns 50 ns 
uUPD4216402G5M-60 60 ns 110 ns 40 ns 4096 28/24-pin plastic TSOP (reverse pinouts) 
G5M-70 70 ns 130 ns 45 ns 
G5M-80 80 ns 150 ns 50 ns 


Ordering Information, »PD4217402 


RAS Access R/W Cycle Fast-Page Number of 
Part Number Time (max) Time (max) Cycle (max) Refresh Cycles Package 
uPD4217402LE-60 60 ns 110 ns 40 ns 2048 28/24-pin plastic SOJ (400 mil) 
LE-70 70 ns 130 ns 45 ns 
LE-80 80 ns 150 ns 50 ns 
LE-10 100 ns 180 ns 60 ns 
uUPD4217402V-60 60 ns 110 ns 40 ns 2048 24-pin plastic ZIP 
V-70 70 ns 130 ns 45 ns 
V-80 80 ns 150 ns 50 ns 
V-10 100 ns 180 ns 60 ns 
uPD4217402G5-60 60 ns 110 ns 40 ns 2048 28/24-pin plastic TSOP (normal pinouts) 
G5-70 70 ns 130 ns 45 ns 
G5-80 80 ns 150 ns 50 ns 
uUPD4217402G5M-60 60 ns 110 ns 40 ns 2048 28/24-pin plastic TSOP (reverse pinouts) 
G5M-70 70 ns 130 ns 45 ns 
G5M-80 80 ns 150 ns 50 ns 
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NEC 
NEC Electronics Inc. 


Advance Information 


Description 


The uPD4216410 and the uPD4217410 are fast-page 
dynamic RAMs with write per-bit organized as 4,194,304 
words by 4 bits and designed to operate from a single 
+5-volt power supply. Advanced polycide technology 
minimizes silicon area and provides high storage cell 
capacity, high performance, and high reliability. A 
single-transistor dynamic storage cell and advanced 
CMOS circuitry throughout ensure minimum power 
dissipation, while an on-chip circuit internally gener- 
ates the negative-voltage substrate bias—automati- 
cally and transparently. 


The three-state output is controlled by CAS indepen- 
dent of RAS. After a valid read or read-modify-write 
cycle, data is held on the outputs by holding CAS low. 
The data output is returned to high impedance by 
returning CAS high. Fast-page read and write cycles 
can be executed by cycling CAS. 


Refreshing may be accomplished by a CAS before RAS 
cycle that internally generates the refresh address. 
Refreshing can also be accomplished by RAS-only 
refresh cycles or by normal read or write cycles. 


Two versions of the 4,194,304 by 4-bit fast-page dy- 
namic RAM with write-per-bit are available. The 
UPD4216410 version uses 4096 address combinations 
Of Ap - Ay; to refresh the memory during a 64-ms refresh 
period, The yPD4217410 version uses 2048 address 
combinations of Ag - Ayo to refresh the memory during 
a 32-ms refresh period. 


To access the memory during read, write, and read- 
modify-write cycles, the uPD4216410 uses row address 
combinations of Ag - Ay, and column address combi- 
nations of Ag - Ag. The uPD4217410 uses row and colum 
address combinations of Apo - Ajo. 


Features 


O 4,194,304 by 4-bit organization 
Single +5-volt power supply 
Fast-page option with write-per-bit 
Low power dissipation 

CAS before RAS refresh cycles 


oooa 








uPD4216410, 4217410 
4,194,304 x 4-Bit 
Dynamic CMOS RAM 


Multiplexed address inputs 

On-chip substrate bias generator 
TTL-compatible inputs and outputs 

Nonlatched, three-state outputs 

Low input capacitance 

4096 refresh cycles every 64 ms (4216410); 

2048 refresh cycles every 32 ms (4217410) 
28/24-pin plastic SOJ (400 mil), 24-pin plastic ZIP 
(475 mil), and 28/24-pin plastic TSOP packaging 


boaaanga da 


o 


Pin Configurations 


28/24-Pin Plastic SOJ 


uPD4216410, 4217410 


* Pin 6 Is NC for 4217410 


24-Pin Plastic ZIP 


»uPD4216410, 4217410 


ort 





* Pin 12 Is NC for 4217410 


Contact your NEC sales representative for complete data sheet and product availability. 
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Pin Configurations (cont) 


28/24-Pin Plastic TSOP (Normal Pinouts) 28/24-Pin Plastic TSOP (Reverse Pinouts) 


uPD4216410, 4217410 p»PD4216410, 4217410 


* Pin 23 Is NC for 4217410 


Suffix -7KD In the package Identifier 
denotes reverse pinout sequence. 


* Pin 6 Is NC for 4217410 


Suffix ~7JD In the package Identifier 
denotes normal pinout sequence. 





Block Diagram 


CAS Before RAS 


Internal Refresh 
Clock 


Refresh Address 
Counter 


s2PsS 
’ 


Row Decoder 


eo3eoemUmetmUmmUCU OU OhUC OCMC OHhlUhSH 
Multiplexer 
Address Buffer 
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Ordering Information, »PD4216410 (4096 refresh cycles) 


RAS Access R/W Cycle Fast-Page 
Part Number Time (max) Time (max) Cycle (max) Package 
UPD4216410LE-60 60 ns 110 ns 40 ns 28/24-pin plastic SOJ (400 mil) 
LE-70 70 ns 130 ns 45 ns 
LE-80 80 ns 150 ns 50 ns 
LE-10 100 ns 180 ns 60 ns 
uUPD4216410V-60 60 ns 110 ns 40 ns 24-pin plastic ZIP 
V-70 70 ns 130 ns 45 ns 
V-80 80 ns 150 ns 50 ns 
V-10 100 ns 180 ns 60 ns 
uUPD4216410G5-60 60 ns 110 ns 40 ns 28/24-pin plastic TSOP (normal pinouts) 
GS-70 70 ns 130 ns 45 ns 
G5-80 80 ns 150 ns 50 ns 
uUPD4216410G5M-60 60 ns 110 ns 40 ns 28/24-pin plastic TSOP (reverse pinouts) 
G5M-70 70 ns 130 ns 45 ns 
G5M-80 80 ns 150 ns 50 ns 


Ordering Information, »PD4217410 (2048 refresh cycles) 


RAS Access R/W Cycle Fast-Page 
Part Number Time (max) Time (max) Cycle (max) Package 
UPD4217410LE-60 60 ns 110 ns 40 ns 28/24-pin plastic SOJ (400 mil) 
LE-70 70 ns 130 ns 45 ns 
LE-80 80 ns 150 ns 50 ns 
LE-10 100 ns 180 ns 60 ns 
HPD4217410V-60 60 ns 110 ns 40 ns 24-pin plastic ZIP 
V-70 70 ns 130 ns 45 ns 
V-80 80 ns 150 ns 50 ns 
V-10 100 ns 180 ns 60 ns 
uPD4217410G5-60 60 ns 110 ns 40 ns 28/24-pin plastic TSOP (normal pinouts) 
G5-70 70 ns 130 ns 45 ns 
G5-80 80 ns 150 ns 50 ns 
uUPD4217410G5M-60 60 ns 110 ns 40 ns 28/24-pin plastic TSOP (reverse pinouts) 
G5M-70 -70 ns 130 ns 45 ns 
G5M-80 80 ns 150 ns 50 ns 
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NEC yuPD4216412, 4217412 
4,194,304 x 4-Bit 
NEC Electronics Inc. Dynamic CMOS RAM 


Advance Information 


Description 0 4,096 refresh cycles every 64 ms (4216412); 
: 2048 refresh cycles every 32 ms (4217412) 


column dynamic RAMs with write-per-bit organized as 275 mall), and DAlSacoln uleslie TEOP Gackacin 
4,194,304 words by 4 bits and designed to operate from ( D, 24-pin p packaging 


a single +5-volt power supply. Advanced polycide tech- Pin Configurations 
nology minimizes silicon area and provides high stor- 

age cell capacity, high performance, and high reliabil- 28/24-Pin Plastic SOJ 
ity. A single-transistor dynamic storage cell and 
advanced CMOS circuitry throughout ensure minimum uPD4216412, 4217412 
power dissipation, while an on-chip circuit internally 
generates the negative-voiltage substrate bias—au- 
tomatically and transparently. 


The three-state I/O pins are controlled by CS indepen- 
dent of RAS. After a valid read or read-modify-write 
cycle, data is held on the outputs by maintaining CS 
low. Data outputs return to high impedance when CS 
goes high. Static-column read and write cycles can be 
executed by cycling CS. 


Refreshing may be accomplished by means of a cs 
before RAS cycle that internally generates the refresh 
address. Refreshing can also be accomplished by 
means of RAS-only refresh cycles or by normal read or 


: * Pin 6 Is NC for 4217412 
write cycles. 





Two versions of the 4,194,304 by 4-bit static-column 
dynamic RAM with write-per-bit are available. The 24-Pin Plastic ZIP 
UPD4216412 version uses 4096 address combinations 
Of Ao - Ay1 to refresh the memory during a 64-ms refresh »PD4216412, 4217412 
period. The uPD4217412 version uses 2048 address a al 

combinations of Ag - Ayo to refresh the memory during Ss 
a 32-ms refresh period. 


To access the memory during read, write, and read- 
modify-write cycles, the uPD4216412 uses row address 
combinations of Ag - Ay; and column address combi- 
nations of Ag-Ag. The PD4217412 uses row and 
colum address combinations of Ap - Ajo. 


Features 


4,194,304 by 4-bit organization * Pin 12 Is NC for 4217412 
Single +5-volt power supply 
Static-column option with write-per-bit 
Low power dissipation 

CS before RAS refresh cycles 
Multiplexed address inputs 

On-chip substrate bias generator 
TTL-compatible inputs and outputs 
Nonlatched, three-state outputs 

Low input capacitance 
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Contact your NEC sales representative for a complete data sheet and product availability. 
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yPD4216412, 4217412 


Pin Configurations (cont) 


28/24-Pin Plastic TSOP (Normal Pinouts) 





pPD4216412, 4217412 


* Pin 6 is NC for 4217412 


Suffix ~7JD In the package Identifier 
denotes normal pinout sequence. 


Intemal Refresh 


Clock OE 


Counter 


NEC 


28/24-Pin Plastic TSOP (Reverse Pinouts) 


pu PD4216412, 4217412 


_* Pin 23 Is NC for 4217412 


Suffix ~7KD In the package Identifier 
denotes reverse pinout sequence. 





WE Clock 
Generator 


OE Clock 
Generator 


VO4 
: a ae 
Refresh Address : VO, 


Column Decoder 


ee @ @@ @ @ @ @ 


y Memory Array 
Ain ° 
(uPD4216412) Ay, —> 





NEC uPD4216412, 4217412 


Ordering Information, 1PD4216412 (4096 refresh cycles) 


RAS Access R/W Cycle Static-Column 
Part Number Time (max) Time (max) Cycle (max) Package 
uUPD4216412LE-60 60 ns 110 ns 40 ns 28/24-pin plastic SOJ (400 mil) 
LE-70 70 ns 130 ns 45 ns 
LE-80 80 ns 150 ns 50 ns 
LE-10 100 ns 180 ns 60 ns 
MPD4216412V-60 _ 60ns 110 ns 40 ns 24-pin plastic ZIP 
V-70 70 ns 130 ns 45 ns 
V-80 80 ns 150 ns 50 ns 
V-10 100 ns 180 ns 60 ns 
UPD4216412G5-60 60 ns 110 ns 40 ns 28/24-pin plastic TSOP (normal pinouts) 
G5-70 70 ns 130 ns 45 ns 
G5-80 80 ns 150 ns 50 ns 
uUPD4216412G5M-60 60 ns 110 ns 40 ns 28/24-pin plastic TSOP (reverse pinouts) 
G5M-70 70 ns 130 ns 45 ns 
G5M-80 80 ns 150 ns 50 ns 


Ordering Information, »PD4217412 (2048 refresh cycles) 





RAS Access RW Cycle Static-Column 
Part Number Time (max) Time (max) Cycle (max) Package 
uPD4217412LE-60 60 ns 110 ns 40 ns 28/24-pin plastic SOJ (400 mil) 
LE-70 70 ns 130 ns 45 ns 
LE-80 80 ns 150 ns 50 ns 
LE-10 100 ns 180 ns 60 ns 
uUPD4217412V-60 60 ns 110 ns 40 ns 24-pin plastic ZIP 
V-70 70 ns 130 ns 45 ns 
V-80 80 ns 150 ns 50 ns 
V-10 100 ns 180 ns 60 ns 
uPD4217412G5-60 60 ns 110 ns 40 ns 28/24-pin plastic TSOP (normal pinouts) 
G5-70 70 ns 130 ns 45 ns 
G5-80 80 ns 150 ns 50 ns 
MPD4217412G5M-60 60 ns 110 ne 40 ns 28/24-pin plastic TSOP (reverse pinouts) 
G5M-70 70 ns 130 ns 45 ns 
GSM-80 80 ns 150 ns 50 ns 
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uPD4216412, 4217412 NE C 


NEC 


NEC Electronics Inc. 


Description 


The devices listed below are fast-page dynamic RAMs 
organized as 2M words by 8 bits and designed to 
operate from a single power supply. Optional features 
are power supply voltage (+5 V or +3.3 V), a new 
refresh mode called “self-refresh,” and the number of 
cycles in a refresh period. 





pPD Power Self-Refresh Refresh Cycles 
4216800 +5V _ 4096 in 64 ms 
800L +3.3V _ 
42816800 +5V v 4096 in 256 ms 
800L +3.3V v 
4217800 +5V _ 2048 in 32 ms 
800L +3.3V = 
42817800 +5V v 2048 in 256 ms 
800L +3.3 V v 


Note: Letters L and S denote 3.3-volt and self-refresh devices, 
respectively. 


Advanced polycide technology using stacked capaci- 
tors minimizes silicon area and provides high storage 
cell capacity, high performance, and high reliability. A 
single-transistor dynamic storage cell and CMOS cir- 
Cuitry throughout ensure minimum power dissipation 
while an on-chip circuit internally generates the nega- 
tive voltage substrate bias—automatically and trans- 
parently. 


The three-state I/O pins are controlled by CAS indepen- 
dent of RAS. After a valid read or read- -modify-write 
cycle, data is held on the outputs by maintaining CAS 
low. Data outputs return to high impedance when CAS 
goes high. Fast-page read and write cycles can be 
executed by cycling CAS. 


Refreshing may be accomplished by a CAS before RAS 
refresh cycle (CBR) that internally generatys the re- 
fresh addresses. 


For the 4216/4216, RAS only refresh cycles and normal 
read or write cycles on the 4096 address combinations 
Of Ao - Ay; will refresh all memory locations. Bits Ag - Ay4 
are used for row and refresh addresses, Ao - Ag for 
column addresses. 


For the 4217/42S17, RAS only refresh cycles and normal 
read or write cycles on the 2048 address combinations 
Of Ag - Ajo will refresh all memory locations. Bits Ag - Ayo 
are used for row and refresh addresses, Apo - Ag for 
column addresses. 
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HPD421x600/L., 42S1x800/L 
(x = 6, 7) 

2,097,152 x 8-Bit 

Dynamic CMOS RAM 


The self-refresh mode is entered by holding RAS and 
CAS low for longer than 100 ys during a CBR cycle. 
Detection of this long RAS time starts an internal 
oscillator that maintains data integrity without exter- 
nal clocking. The slow refresh reduces the data hold 
current to less than 200 WA (+5 V) or 80 HA (+3.3 V). 
Self-refresh mode is used with microprocessors that 
have a “sleep mode” for low-power applications such 
as notebook PCs. 


Battery backup current Icce is defined as the current 
consumption when the device is in standby mode (RAS 
2 Voc — 0.2 V) and very-slow (extended) CBR cycles 
are being performed. 


Features 


. 2,097,152 by 8-bit organization 
Single power supply: +5-volt or +3.3 volt 
Fast-page option 
Low-power operation 
CAS before RAS refreshing 
Self-refresh option (slow internal automatic refresh) 
On-chip substrate bias generator 
TTL-compatible inputs and outputs 
Nonlatched three-state outputs 
Low input capacitance 
Multiplexed row and column addresses 
28-pin 400-mil SOJ and TSOP plastic packages. 
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uPD421x6&00/L, 42S1x800/L 


Pin Configurations 


28-Pin Plastic SOJ 


»PD4216/42S16, 4217/42S17 


* Pin 8 Is NC for 4217/42S17 





Pin Identification 





Name Function 

Ag - A414 Address inputs 

YO, - /Og Data inputs and outputs 

CAS Column address strobe 

OE Output enable 

RAS Row address strobe 

WE Write enable 

GND Ground 

Voc +5-volt or +3.3-volt power supply 
NC No connection 


Lv) 





NEC 


28-Pin Plastic TSOP (Normal Pinouts) 


pPD4216/42S16, 4217/42S17 


* Pin 8 Is NC for 4217/42S17 


Suffix -7JD In the package identifier 
denotes normal pinout sequence. 





28-Pin Plastic TSOP (Reverse Pinouts) 


vPD4216/42816, 4217/42S17 


* Pin 21 Is NC for 4217/42S17 


Suffix—7KD In the package Identifier 
denotes reverse pinout sequence. 


NV. KE Cc pPD421x800/L, 42S1x800/L 


Block Diagram 


CAS Clock 
Generator 


Internal Refresh 
Clock 


Data /O Bus 
Refresh Address 


Sense Ampilfler 


Multiplexer 
Address Buffer 
Row Decoder 


Note: 4216/42816: Ag-Aq4 
4217/42S17: Ag-A19 





Truth Table 

Function RAS CAS WE OE 1/0, - /Og 

Standby H X X X High-Z 

Refresh cycle L H xX X High-Z 

Byte read cycle L L H L Data output 
L H H L High-Z 

Byte write cycle L L L H Data input 
L H L H _— 

—- L L H H High-Z 





X = don't care. 
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Ordering Information, »PD4216800 (+ 5-volt power; 4096 refresh cycles) 


RAS Access. 
Time (max) 


Part Number 
HPD4216800LE-50 
LE-60 
LE-70 
LE-80 
uUPD4216800G5-50 
G5-60 
G5-70 
G5-80 
uPD4216800G5M-50 


50 ns 
60 ns 
70 ns 
80 ns 
50 ns 


60 ns 


70 ns 
80 ns 


Fast-Page 
Cycle (max) 


35 ns 
40 ns 
45 ns. 
50 ns: 
35 ns 
40 ns 


- 45 ns 


50 ns 
35 ns 


Battery Backup 
Current (max) 


350 pA 


350 pA 





Package © 
28-pin plastic SOJ 


28-pin plastic TSOP (normal pinouts) 


28-pin plastic TSOP (reverse pinouts) 


G5M-60 
G5M-70 
G5M-80 


_ 50 ns 


60 ns 


.. 70.ns 


80 ns 


40 ns 
45 ns 
50 ns 


350 pA 


Ordering Information, »PD4216800L (+ 3.3-volt power; 4096 refresh cycles) 


Part Number 

uPD4216800LLE-A60 
LE-A70 
LE-A80 


RAS Access 
Time (max) 


60 ns 
70 ns 
80 ns 
60 ns 


Fast-Page 
Cycle (max) 


40 ns 
45 ns 
50 ns 


Battery Backup 
Current (max) 


140 pA 


140 pA 


Package 
28-pin plastic SOJ 


28-pin plastic TSOP (normal pinouts) 


uUPD4216800LG5-A60 
G5-A70 


G5-A80 _ 


uPD4216800LG5M-A60 


70 ns 
80 ns 
60 ns 


40 ns 
45 ns 
50 ns 
40 ns 


140 pA 


28-pin plastic TSOP (reverse pinouts) 


G5M-A70 
G5M-A80 


70 ns 
80 ns 


45 ns 
50 ns 


NV E Cc pPD421x800/L, 42S1x800/L 


Ordering Information, »PD42S16800 (+ 5-volt power; 4096 refresh cycles; self-refresh mode) 














RAS Access Fast-Page Battery Backup 
Part Number Time (max) Cycle (max) Current (max) Package 
uUPD42S16800LE-50 50 ns 35 ns 350 yA 28-pin plastic SOJ 
LE-60 60 ns 40 ns 
LE-70 70 ns 45 ns 
LE-80 80 ns 50 ns 
MPD42S16800G5-50 50 ns 35 ns 350 A 28-pin plastic TSOP (normal pinouts) 
G5-60 60 ns 40 ns 
G5-70 70 ns 45 ns 
G5-80 80 ns 50 ns 
uUPD42S16800G5M-50 50 ns 35 ns 350 pA 28-pin plastic TSOP (reverse pinouts) 
G5M-60 60 ns 40 ns 
G5M-70 70 ns 45 ns 
G5M-80 80 ns 50 ns 





Ordering Information, »PD42S16800L (+ 3.3-volt power; 4096 refresh cycles; self-refresh mode) 


RAS Access Fast-Page Battery Backup 
Part Number : . Time (max) Cycle (max) Current (max) Package 
HPD42S16800LLE-A60 60 ns 40 ns 140 pA 28-pin plastic SOJ 
LE-A70 70 ns 45 ns 
LE-A80 80 ns 50 ns 
uUPD42S16800LG5-A60 60 ns 40 ns 140 pA 28-pin plastic TSOP (normal pinouts) 
G5-A70 70 ns 45 ns 
G5-A80 80 ns 50 ns 
uPD42S16800LG5M-A60 60 ns 40 ns 140 WA 28-pin plastic TSOP (reverse pinouts) 
G5M-A70 70 ns 45 ns 
G5M-A80 80 ns 50 ns 





on 





pPD421x800/L, 42S1x800/L N. KE C 


Ordering Information, p.PD4217800 (+ 5-volt power; 2048 refresh cycles) 





RAS Access Fast-Page Battery Backup = 
Part Number Time (max) Cycle (max) Current (max) Package 
uPD4217800LE-50 50 ns 35 ns 300 yA 28-pin plastic SOU - 
LE-60 60 ns 40 ns 
LE-70 70 ns 45 ns 
LE-80 80 ns 50 ns 
uPD4217800G5-50 50 ns 35 ns 300 YA 28-pin plastic TSOP (normal pinouts) 
G5-60 60 ns 40 ns . 
G5-70 70 ns 45 ns 
G5-80 80 ns 50 ns 
UPD4217800G5M-50 50 ns 35 ns 300 LA 28-pin plastic TSOP (reverse pinouts) 
G5M-60 60 ns 40 ns 
G5M-70 70 ns 45 ns 
G5M-80 80 ns 50 ns 





Ordering Information, »PD4217800L (+ 3.3-volt power; 2048 refresh cycles) 














RAS Access Fast-Page Battery Backup 
Part Number Time (max) Cycle (max) Current (max) Package 
UPD4217800LLE-A60 60 ns 40 ns 120 pA 28-pin plastic SOU 
LE-A70 70 ns 45 ns 
LE-A80 80 ns 50 ns 
uUPD4217800LG5-A60 60 ns 40 ns 120 pA 28-pin plastic TSOP (normal pinouts) 
G5-A70 70 ns 45 ns 
G5-A80 80 ns 50 ns 
uUPD4217800LG5M-A60 60 ns 40 ns 120 pA 28-pin plastic TSOP (reverse pinouts) 
G5M-A70 70 ns 45 ns 
G5M-A80 80 ns 50 ns 
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NV. E Cc puPD421x800/L, 42S1x800/L 


Ordering Information, .PD42S17800 (+ 5-volt power; 2048 refresh cycles; self-refresh mode) 





RAS Access Fast-Page Battery Backup 
Part Number Time (max) Cycle (max) Current (max) Package 
HPD42S17800LE-50 50 ns 35 ns 300 pA 28-pin plastic SOJ 
LE-60 60 ns 40 ns 
LE-70 70 ns 45 ns 
LE-80 80 ns 50 ns 
uPD42S17800G5-50 50 ns 35 ns 300 pA 28-pin plastic TSOP (normal pinouts) 
G5-60 60 ns 40 ns 
G5-70 70 ns 45 ns 
G5-80 80 ns 50 ns 
UPD42S17800G5M-50 50 ns 35 ns 300 yA 28-pin plastic TSOP (reverse pinouts) 
G5M-60 60 ns 40 ns 
G5M-70 70 ns 45 ns 
G5M-80 80 ns 50 ns 





Ordering Information, »PD42S17800L (+ 3.3-volt power; 2048 refresh cycles; self-refresh mode) 


RAS Access Fast-Page Battery Backup 
Part Number Time (max) Cycle (max) Current (max) Package 
UPD42S17800LLE-A60 60 ns 40 ns 120 pA 28-pin plastic SOJ 
LE-A70 70 ns 45 ns 
LE-A80 80 ns 50 ns 
UPD42S17800LG5-A60 60 ns 40 ns 120 pA 28-pin plastic TSOP (normal pinouts) 
G5-A70 70 ns 45 ns 
G5-A80 80 ns 50 ns 
UPD42S17800LG5M-A60 60 ns 40 ns 120 pA 28-pin plastic TSOP (reverse pinouts) 
G5M-A70 70 ns 45 ns 
G5M-A80 80 ns 50 ns 





N 





pPD421x800/L, 42$1x800/L NE C 


Absolute Maximum Ratings : “Capacitance — 
Cine to En ae ee Crt Mee 





Voltage on any pin relative to GND 





5-volt devices -1.0 to +7.0V Parameter Symbol Max Unit Pins Under Test 
A SevOtbdevieee OE MEV Input capacitance Cy, 5 pF Addresses 
Operating temperature, Topp 0 to + 70°C “Cp ~—So7~S*é«=MEC*«WGAS, WEE, OE, RASS 
Storage temperature, Tgtg —55 to + 125°C input/output Co 7 pF 04 - Og 
Short-circuit output current, log 50 mA capacitance 
Power dissipation, Pp , 1.0W 





Exposure to Absolute Maximum Ratings for extended periods may 
affect device reliability; exceeding the ratings could cause perma- 
nent damage. The device should be operated within the limits 
specified under DC and AC Characteristics. 


Recommended Operating Conditions 











5-Volt Devices 3.3-Volt Devices 
Parameter Symbol Min Typ Max Min Typ Max Unit 
Input voltage, high Vin 24 Veo + 1.0 2.0 Voc + 0.3 V 
Input voltage, low Vit wer 0.8 -0.3 0.8 V 
Supply voltage Veco 45 5.0 65 3.0 3.3 36 Vv. 
Ambient temperature Ta 0 70 0 ‘70 °C 
Self-Refresh Current; 42S 1x Devices 
Ta = Oto +70°C; Veg = +5V £10% of +3.3V +0.3V 
Symbol 5-Volt Devices _ 3.3-Volt Devices Conditions 
loc7 200 pA max 80 LA max VO pins: Vip = Veo —0.2 V; Vit Ss 0.2 V or 


open. Other input pins: Vip = Voc -0.2 V; Vit 
< 0.2 V or open; tras 2 100 us 


DC Characteristics; 5-Volt Devices 
Ta = Oto +70°C; Vog = +5.0V 410% - 


Parameter Symbol Min Typ Max Unit Test Conditions 
Standby current loco 2.0 mA RAS = CAS = Viy (min); lo = OMA 
400 HA RAS = CAS = Vog- 0.2 Vi lo = OMA 
Input leakage current lay -10 10 HA Vin = 0 V to Voc; all other pins not under test = OV 
Output leakage current low) -10 10 HA DouT disabled; Vout = 0V to Veco 
Output voltage, low VoL 0.4 V lol = 4.2mA 
Output voltage, high Vou 2.4 Vv loy = -5 mA 


o 


NV. E C puPD421x800/L, 42S1x800/L 


DC Characteristics; 3.3-Volt Devices 
Ta = Oto +70°C; Vog = +3.3V 40.3V 





Parameter Symbol! Min Typ Max Unit Test Conditions 
Standby current loce 2.0 mA RAS = CAS = Viy (min); Io = OMA 
400 LA RAS = CAS = Voc -0.2V; lo = OmA 
Input leakage current ly —10 10 uA Vin = 0 V to Veg; all other pins not under test = OV 
Output leakage current low —-10 10 HA Dout disabled; Voyy = 0V to Vac 
Output voltage, low VoL 0.4 V lo, = 2.0mA 
Output voltage, high Von 2.4 V lon = -2.0 mA 


DC Current Requirements; 5-Voit Devices 


Parameter Symbol -50 -60 -70 -80 Unit Test Conditions 

Operating current loc 
4216/42816 100 90 80 70 mA RAS, GAS cycling; tac = tac (min); lp = O mA 
4217/42S17 120 110 100 90 mA 

Refresh current (RAS only loc3 

refresh) 
4216/42S16 100 90 80 70 mA RAS cycling; CAS = Vix (min); tao = tac 
4217/42S17 120 110 7000S mA SSCS IN I = OMA 

Operating current (Fast loca 

page mode) 
4216/42S16 80 70 60 50 mA CAS cycling; RAS <= Vi, (max); tpo = tpc (min); 
4217/42S17 80 70 60 50 mA aL 

Refresh current (CAS loos 

before RAS refresh) 
4216/42S16 100 90 80 70 mA RAS cycling; tac = trac (min); lop = OmA 
4217/42S17 120 110 100 90 mA 

Battery backup current loce Standby: RAS = Voc - 0.2 V; 

(Standby with CAS RAS, CAS: OV < Vy 0.2 V, 

before RAS refresh) Veo ~02V = Vin Ss Vin (max); 

tras = 300 ns tras = 1s WE, OE: Vip; Address: don't care; Output: open 

42S16 350 500 UA CAS before RAS refresh: 4096 cycles, 256 ms 
42S17 300 400 UA CAS before RAS refresh: 2048 cycles, 256 ms 





MPD421x800/L, 42S1x800/L 


NEC 





DC Current Requirements; 3.3-Volt Devices 
-A60 


Parameter 

Operating current 
4216/42S16 
4217/42S17 


Refresh current (RAS only 
refresh) 


4216/42S16 
4217/42S17 


Operating current (Fast- 
page mode) 


4216/42S16 
4217/42S17 


Refresh current (CAS 
before RAS refresh) 


4216/42S16 
4217/42S17 


Battery backup current 
(Standby with CAS 
before RAS refresh) 


42816 
42817 


10 


Symbol 


loot 


loos 


loca 


loos 


loce 


80 
100 


80 
100 


60 
60 


80 
100 


tras = 300 ns 


140 
120 


-A70 


70 
90 


70 


50 


70 
90 


~A80 


8 


8 


40 
40 


8 


tras = 148 
140 
120 


Unit 


mA 
mA 


mA 
mA 


mA 
mA 


mA 
mA 


HA 
HA 


Test Conditions 


RAS, CAS cycling; tac = tac (min); lo = 0 mA 


RAS cycling; CAS = Viy (min); tac = tac (min); 
lo = OmA 


CAS cycling; RAS < Vy, (max); tp¢ = tpc (min); 
lo = OMA 


RAS cycling; tac = tac (min); lo = 0 mA 


Standby: RAS = Voc -02V; 

RAS, CAS: 0V < Vy sO.2V, 

Veo -0.2V s Vin = Vin (max); 

WE, OE: Viy; Address: don't care; Output: open 


CAS before RAS refresh: 4096 cycles, 256 ms 
CAS before RAS refresh: 2048 cycles, 256 ms 


NV. E C uPD421x800/L, 42S1x800/L 


AC Characteristics 
Ta = Oto + 70°C; Voog = +5.0 V +10% (-50, -60, -70, -80) or +3.3 V £0.3 V (-A60, -A70, -A80) 




















-50 -60, -A60 -70, -A70 -80, -A80 
Parameter Symbol Min Max Min Max Min Max Min Max Unit Test Conditions 
Access time from column —s tay 25 30 35 40 ns (Notes 7, 8) 
address 
Access time from CAS tacp 30 35 40 45 ns _ (Note 7) 
precharge (rising edge) 
Column address setup tasc 0 0 0 0 ns 
time 
Row address setup time tasr 0 0 fe) 0 ns 
Column address to WE tawD 45 53 60 65 ns (Note 15) 
delay time 
Access time from CAS tcac 13 15 18 20 ns (Notes 7, 8) 
(falling edge) 
Column address hold tCAH 13 15 15 15 ns 
time 
CAS pulse width tcas 13. 10000 15 10,000 18 10,000 20 £10,000 ons 
CAS hold time for CAS tour 10 10 10 10 ns 
before RAS refresh cycle 
CAS hold time (CBR self- tons ~50 -50 -—50 -50 ns (Note 16) 
refresh mode) 
CAS to output in low-Z toLz 0 0 0 0 ns _—_ (Note 7) 
Fast-page CAS precharge top & 10 10 10 ns 
time 
CAS precharge time topn 8 10 10 10 ns 
Fast-page CAS precharge — tcpwo 55 60 65 70 ns _—_ (Note 14) 
to WE delay time 
CAS to RAS precharge tore 5 5 5 5 ns (Note 10) 
time 
CAS hold time tosH 50 60 70 80 ns 
CAS setup time for CAS tosr 5 5 5 5 ns 
before RAS refresh cycle 
CAS to WE delay tcwo 33 38 43 45 ns _—_ (Note 15) 
Write command towL 13 15 15 15 ns 
referenced to CAS lead 
time 
Data-in hold time toH 10 10 15 15 ns _—_ (Note 13) 
Data-in setup time tos 0 0 0 0 ns (Note 13) 
Access time from OE toca 13 15 18 20 ns __ (Notes 3, 4, 7, 8) 
OE data delay time toeD 10 13 15 15 ns 
OE command hold time toEH 0 0 0 ) ns 
OE to RAS inactive setup toes fs) 0 0 0) ns 
time 
Output turnoff delay from = toEz 0 10 0 13 0 15 0 15 ns (Note 9) 
OE . 
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pPD421x800/L, 42S1x800/L 








AC Characteristics (cont) 








-50 -60, -A60 -70, -A70 -80, -A80 

Parameter Symbol Min Max Min Max Min Max Min Max Unit Test Conditions 
Output disable from CAS torr 0 10 07 13 0 15 0 15 ns _—__ (Note 9) 
high re 
OE to output in low-Z toLz 0 0) 0 0 ns _—_ (Note 7) 
Fast-page read or write tpc 35 40 45 50 ns __ (Note 6) 
cycle time 
Fast-page read-modify- tprawe 80 85 90 100 ns (Note 6) 
write cycle time with 
extended data output 
Access time from RAS trac 50 60 70 80 ns (Notes 7, 8) 
RAS to column address trap 13 25 15 30 15 35 17 40 ns _—_ (Note 8) 
delay time 
Row address hold time tRAH 8 10 10 12 ns 
Column address lead tRAL 25 30 35 40 ns 
time referenced to RAS 
(rising edge) 
RAS pulse width tras 50 10,000 60 10,000 70 10,000 80 10,000 ns 
Fast-page RAS pulse trasp 50 125,000 60 125,000 70 125,000 980 125,000 ns. 
width 
RAS pulse width (CBR trass 100 100 100 100 us (Note 16) 
self-refresh mode) 
Random read or write tac 90 110 130 150 ns (Note 6) 
cycle time 
RAS to CAS delay time trep 18 32 20 45 20 50 25 60 ns (Note 8) 
Read command hold time tac 0 0 0 0 ns (Note 11) 
referenced to CAS 
Read command setup tracs 0 0 0 0 ns 
time 
Refresh period trer 

4216 64 64 64 64 ms 

4217 32 32 32 32 ms 

42816 256 256 256 256 ms 

42S17 256 256 256 256 ms 
RAS hold time referenced — tauop 30 35 40 45 ns 
to CAS precharge 
RAS precharge time tap 30 40 50 60 ns 
RAS precharge CAS hold — tapco 5 5 5 5 ns 
time 
RAS precharge time taps 90 110 130 150 ns (Note 16). 
(CBR self-refresh mode) 
Read command holdtime — tary 0 0 0 0 ns (Note 11) 
referenced to RAS 
RAS hold time trsH 13 15 18. 20 ns 

”” Read-modify-write cycle tawc 140 160 180 200 ns __ (Note 6) 

time 
RAS to WE delay trwo 70 83 95 105 ns _—_ (Note 15) 





NEC 


AC Characteristics (cont) 


-50 -60, -A60 
Parameter Symbol Min Max Min Max 
Write command taWwL 18 20 
referenced to RAS lead 
time 
Rise and fall transition ty 3 50 3 
time 
Write command hold twou 8 10 
time 
Write command setup twos 0 0 
time 
Write command pulse twp 8 10 
width 
Notes: 


(1) All voltages are referenced to GND. 


(2) An initial pause of 100 ys is required after power-up, followed by 
eight refresh cycles (RAS only or CBR) before proper device 
operation is achieved. 

(3 


— 


loci: loca: loca, and loos depend. on output loading and cycle 
rates. Specified values are obtained with the output open. Iocg3 
is measured assuming that all column address inputs are held at 
either a high level or a low level during RAS-only refresh cycles. 
loc4 is measured assuming that all column address inputs are 
switched only once during each fast-page cycle. 


(4) Ac measurements assume ty = 5 ns. 
6 


— 


Vins (min) and Vy. (max) are reference levels for measuring the 
timirig of input signals. Transition times are measured between 
Ving and Vj. 


6 


~~ 


The minimum specifications are used only to indicate the cycle 
time at which proper operation over the full temperature range 
(Ta= 0 to +70 °C) is assured. 


(7) Load = 2 TTL (1 mA, +4 mA) -loads and 100 pF. 
(8 


= 


ff trop = trop: (max) and trap <= trRap (max), access time is 
defined by trac (max). 

If tacp 2 trop (max), access time is defined by toac (max). 

If tpap = tRap (max), access time is defined by ta, (max). 


pPD421x800/L, 42S1x800/L 


-70, -A70 -80, -A80 
Min Max Min Max Unit Test Conditions 
20 20 ns 
3 50 3 50 ns 
10 15 ns (Note 12) 
ce) 0 ns (Note 14) 
10 15 ns (Note 12) 


(9) togr (max) and togz (max) define the time at which the outputs 
become open-circuit and are not referenced to Voy or VoL. 


(10) The tcrp requirement should be applicable for RAS/CAS cycles 
preceded by any cycle. 


(11) Either taay or tacy must be satisfied for a read cycle. 


(12) Parameter twp is applicable for a late write cycle. For early write 
cycles, twoy must be met. 


(13) These parameters.are referenced to the leading edge of CAS in 
early write cycles and to the leading edge of WE in late write or 
read-modify-write cycles. 


(14) iftwos = twos (min), the cycle is an early write cycle and the 
data I/O pins will remain open-circuit throughout the entire cycle. 

(15) !f tewo = tewp (min), tawp 2 tawp (min), and tawp = tawp 
(min), then the cycle is a read-write cycle and the data I/O pins 
will contain data read from the selected ceils. if neither of the 
above conditions is met, the condition of the data I/O pins (at 
access time and until CAS returns to Vj) is indeterminate. 


(16) Parameter is applicable only to self-refresh versions. 


(17) With burst CBR, RAS only, or external RAS/CAS, all addresses 
must be refreshed before entering self-refresh mode and after 
exiting. 


13 





pPD421x800/L, 42S1x800/L N: E Cc 


Timing Waveforms 


Read Cycle 


VV 09,9, 
YY 
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NEC 


Timing Waveforms (cont) 


Early-Write Cycle 


Note: 
[1] OE = don't care. 


yPD421x800/L, 42S1x800/L 
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Timing Waveforms (cont) 


Late-Write Cycle 


TLL] 


NEC 
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VTL. 
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tOEH 
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Timing Waveforms (cont) 


Read-Write/Read-Modify-Write Cycle 


_ , 


fee 


Input/Output aL 
t 


RAI 
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Timing Waveforms (cont) 


Fast-Page Read Cycle 


AN | WZ 


toEz 


ie toFF " 
(N Valld Data-out 
toLz 


teLz teLz tcLz 


tOFF 
High 
impeda e 


N Valid Data-out 
toLz 
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Timing Waveforms (cont) 


Fast-Page Early-Write Cycle 


top 


tRAD tASC 


tasr tcaH tasc tcaH tasc 


tRAH 
eo a 0K 


[1] OE =dont care. 
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Timing Waveforms (cont) 


Fast-Page Late-Write Cycle 
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Timing Waveforms (cont) 


Fast-Page Read-Write/Read-Modify-Write Cycle 


tracD tcas top 


NN 


tcaH tRAL 
tas tasc tons 
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Timing Waveforms (cont) 


Hidden Refresh Cycle 


Memory Cycle CAS Before RAS Cycle CAS Before RAS Cycle 
tac tro tre 
tras tRAS tRA 


tcRP 
/// 
tRAH 


tasR tRAD 


tWHR | 


torr 
toez 
toiz 
High 


Input/Output High Impedance iN : Valid Data-out ) Impedance 
iw 


taAA 
trac 
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Timing Waveforms (cont) 


RAS-Only Refresh Cycle 


tap 
tRPG 


AUN 


Input/Output 


Notes: _ 
[1] WE = OE = don't care. 





CAS Before RAS Refresh Cycle 


trp 


twen>| ftw 
=) AU 


High Impedance 
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Timing Waveforms (cont) 


CBR Self-Retresh Cycle 
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NEC 
NEC Electronics Inc. 


Advance Information 


Description 


The devices listed below are static-column dynamic 
RAMs organized as 2M words by 8 bits and designed to 
operate from a single power supply. Optional features 
are power supply voltage (+5 V or +3.3 V), a new 
refresh mode called “self-refresh,” and the number of 
cycles in a refresh period. 


pPD 


Power Self-Refresh Refresh Cycles 
4216802 +5V _ 4096 in 64 ms 
802L +3.3V — 
42816802 +5V v 4096 in 256 ms 
802L +3.3V v 
4217802 +5V _ 2048 in 32 ms 
802L +3.3V — 
42817802 +5V v 2048 in 256 ms 
802L +3.3V v 


Note: Letters L and S denote 3.3-volt and self-refresh devices, 
respectively. 


Advanced polycide technology using stacked capaci- 
tors minimizes silicon area and provides high storage 
cell capacity, high performance, and high reliability. A 
single-transistor dynamic storage cell and CMOS cir- 
cuitry throughout ensure minimum power dissipation 
while an on-chip circuit internally generates the nega- 
tive voltage substrate bias—automatically and trans- 
parently. 


The three-state I/O pins are controlled by CS indepen- 
dent of RAS. After a valid read or read-modify-write 
cycle, data is held on the outputs by maintaining CS 
low. Data outputs return to high impedance when CS 
goes high. Static-column read and write cycles can be 
executed by cycling CS. 


Refreshing may be accomplished by a CS before RAS 
refresh cycle (CBR) that internally generates the re- 
fresh addresses. 


uPD4216802 
2,097,152 x 8-Bit 
Dynamic CMOS RAM 


For the 4216/42816, RAS only refresh cycles and normal 
read or write cycles on the 4096 address combinations 
of Ag - Ay; will refresh all memory locations. Bits Ag - Ay4 
are used for row and refresh addresses, Ap - Ag for 
column addresses. 


For the 4217/42S17, RAS only refresh cycles and normal 
read or write cycles on the 2048 address combinations 
Of Ag - Ajo will refresh all memory locations. Bits Ag - Ayo 
are used for row and refresh addresses, Ag - Ag for 
column addresses. 


The self-refresh mode is entered by holding RAS and CS 
low for longer than 100 ys during a CBR cycle. Detec- 
tion of this long RAS time starts an internal oscillator 
that maintains data integrity without external clocking. 
The slow refresh reduces the data hold current to less 
than 200 yA (+5 V) or 80 uA (+3.3 V). Self-refresh mode 
is used with microprocessors that have a “sleep mode” 
for low-power applications such as notebook PCs. 


Battery backup current I6c¢ is defined as the current 
consumption when the device is in standby mode (RAS 
= Voc - 0.2 V) and very-slow (extended) CBR cycles 
are being performed. 


Features 


2,097,152 by 8-bit organization 

Single power supply: +5-volt or +3.3-volt 
Static-column option 

Low-power operation 

CS before RAS refreshing 

Self-refresh option (slow internal automatic refresh) 
On-chip substrate bias generator 
TTL-compatible inputs and outputs 

Nonlatched three-state outputs 

Low input capacitance 

Multiplexed row and column addresses 

28-pin, 400-mil SOJ and TSOP plastic packages 


oondannoaana ad 


Contact your NEC sales representative for a complete data sheet. 
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Pin Configurations 





28-Pin Plastic SOJ 28-Pin Plastic TSOP (Reverse Pinouts) 


uPD4216/42S16, 4217/42S17 pPD4216/42S16, 4217/42817 


ok 
~~ 


2 2 
3 3 
4 4 
5 5 
6 6 
7 7 
8 8 
9 9 


a 
a © 
a 
= Oo 


—- ot 
@ 
—-— ot 
@ dD 


_— 
pb 
= 
> 


* Pin 21 Is NC for 4217/42S17 


Suffix -7KD In the package identifier 
denotes reverse pinout sequence. 


* Pin 8 Is NC for 4217/42S17 





28-Pin Plastic TSOP (Normal Pinouts) Pin identification 
Function 








uPD4218/42816, 4217/4217 Address inputs 


= 
oO 


Data inputs and outputs 
Column address strobe 
Output enable 

Row address strobe 
Write enable 


Ground 


oan nant @O ND 


+5-volt or +3.3-volt power supply 


No connection 





* Pin 8 Is NC for 4217/42S17 


Suffix -7JD In the package Identifier 
denotes normal pinout sequence. 
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NEC Electronics Inc. 


Description 


The devices listed below are fast-page dynamic RAMs 
organized as 2M words by 9 bits and designed to 
operate from a single power supply. Optional features 
are power supply voltage (+5 V or +3.3 V), a new 
refresh mode called “self-refresh,” and the number of 
cycles in a refresh period. 


pPD Power Self-Refresh Refresh Cycles 
4216900 +5V _ 4096 in 64 ms 
900L +3.3V —_ 
4216900 +5V v 4096 in 256 ms 
SOOL +3.3V v 
4217900 +5V _ 2048 in 32 ms 
900L +3.3V — 
4217900 +5V v 2048 in 256 ms 
900L +3.3 V v 


Note: Letters L and S denote 3.3-volt and self-refresh devices, 
respectively. 


Advanced polycide technology using stacked capaci- 
tors minimizes silicon area and provides high storage 
cell capacity, high performance, and high reliability. A 
single-transistor dynamic storage cell and CMOS cir- 
cuitry throughout ensure minimum power dissipation 
while an on-chip circuit internally generates the nega- 
tive voltage substrate bias—automatically and trans- 
parently. 


The three-state I/O pins are controlled by CAS indepen- 
dent of RAS. After a valid read or read-modify-write 
cycle, data is held on the outputs by maintaining CAS 
low. Data outputs return to high impedance when CAS 
goes high. Fast-page read and write cycles can be 
executed by cycling CAS. 


Refreshing may be accomplished by a CAS before RAS 
refresh cycle (CBR) that internally generates the re- 
fresh addresses. 


For the 4216/42S16, RAS only refresh cycles and normal 
read or write cycles on the 4096 address combinations 
Of Ag - Ay will refresh all memory locations. Bits Ag - Ay, 
are used for row and refresh addresses, Ap - Ag for 
column addresses. 


For the 421 7/42S17, RAS only refresh cycles and normal 
read or write cycles on the 2048 address combinations 
Of Ao - Aio will refresh all memory locations. Bits Ag - Ajo 
are used for row and refresh addresses, Ao - Ag for 
column addresses. 


60187 


uPD421x900/L, 42S1x900/L 
(x = 6, 7) 

2,097,152 x 9-Bit 

Dynamic CMOS RAM 


The self-refresh mode is entered by holding RAS and 
CAS low for longer than 100 us during a CBR cycle. 
Detection of this long RAS time starts an internal 
oscillator that maintains data integrity without exter- 
nal clocking. The slow refresh reduces the data hold 
current to less than 200 WA (+5 V) or 80 WA (+3.3 V). 
Self-refresh mode is used with microprocessors that 
have a “sleep mode” for low-power applications such 
as notebook PCs. 


Battery backup current loc. is defined as the current 
consumption when the device is in standby mode (RAS 
2 Voc — 0.2 V) and very-slow (extended) CBR cycles 
are being performed. 


Features 


2,097,152 by 9-bit organization 

Single power supply: +5-volt or +3.3 volt 
Fast-page option 

Low-power operation 

CAS before RAS refreshing 

Self-refresh option (slow internal automatic refresh) 
On-chip substrate bias generator 
TTL-compatible inputs and outputs 

Nonlatched three-state outputs 

Low input capacitance 

Multiplexed row and column addresses 

32-pin, 400-mil SOJ and TSOP plastic packages 


non00g0 00nvuoO ca ano ang 
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Pin Configurations 
32-Pin Plastic SOJ 





* Pin 10 Is NC for 4217/42817 


Suffix ~7JD in the package Kientifier 
denotes normal pinout sequence. 


pPD4216/42S16, 4217/42817 . 


31 
30 
. 29 
28 
27 
26 
25 
24 
23 
22 
21 
20 
19 
18 
17 





32-Pin Plastic TSOP (Reverse Pinouts) 


pPD4216/42S16, 4217/42817 


* Pin 23 Is NC for 4217/42S17 


. Suffix-7ID In the package Identifier 
Genotes reverse pinout sequence. 


Pin Identification | - 








Name - -° ‘Function | 

Ao-Ay Address inputs 

YO, -/Og Data inputs and outputs - 

CAS Column address strobe’ 

OE ~ Output enable ~ 

RAS Row address strobe 

WE — Write enable 

GND. : Ground ; 
Voc. +5-volt or +3.3-volt power supply 
NC No connection aE bass 
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Block Diagram 





Address Buffer 


Note: 4216/42S16: Ap-A14 
4217/42817: Ag-Aio 








Truth Table 

Function RAS CAS WE OE 1/0, - 1/Og 

Standby H xX X X High-Z 

Refresh cycle L H X X High-Z 

Byte read cycle L L H L Data output 
L H H L High-Z 

Byte write cycle L L L H Data input 
L H L H — 

— L L H H High-Z 





X = don't care. 


ies) 
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Ordering Information, »PD4216900 (+ 5-volt power; 4096 refresh cycles) 


RAS Access — Fast-Page Battery Backup 
Part Number Time (max) Cycle (max) Current (max) Package 
UPD4216900LE-50 50 ns 35 ns 350 pA 32-pin plastic SOJ 
LE-60 60 ns 40 ns 
LE-70 70 ns 45 ns 
LE-80 80 ns 50 ns 
uPD4216900G5-50 50 ns 35 ns 350 yA 32-pin plastic TSOP (normal pinouts) 
G5-60 60 ns 40 ns 
G5-70 70 ns 45 ns 
G5-80 80 ns 50 ns 
puPD4216900G5M-50 — 50 ns 35 ns 350 pA 32-pin plastic TSOP (reverse pinouts) 
G5M-60 60 ns 40 ns 
G5M-70 70 ns 45 ns 
G5M-80 80 ns 50 ns 


Ordering Information, »PD4216900L (+ 3.3-volt power; 4096 refresh cycles) 


RAS Access Fast-Page Battery Backup 
Part Number Time (max) Cycle (max) _ Current (max) Package 
uPD4216900LLE-A60 60 ns 40 ns 140 pA 32-pin plastic SOJ 
LE-A70 70 ns 45 ns 
LE-A80 80 ns 50 ns 
UPD4216900LG5-A60 60 ns 40 ns 140 pA 32-pin plastic TSOP (normal! pinouts) 
G5-A70 70 ns 45 ns 
G5-A80 80 ns 50 ns 
UPD4216900LGS5SM-A60 60 ns 40 ns 140 yA 32-pin plastic TSOP (reverse pinouts) 
G5M-A70 70 ns 45 ns 
- @5M-A80 80 ns 50 ns 


f 
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Ordering Information, »PD42S16900 (+ 5-volt power; 4096 refresh cycles; self-refresh mode) 


RAS Access Fast-Page Battery Backup 
Part Number Time (max) Cycle (max) Current (max) Package 
uUPD42S16900LE-50 50 ns 35 ns 350 pA 32-pin plastic SOJ 
LE-60 60 ns 40 ns 
LE-70 70 ns 45 ns 
LE-80 80 ns 50 ns 
uPD42S16900G5-50 50 ns 35 ns 350 A 32-pin plastic TSOP (normal pinouts) 
G5-60 60 ns 40 ns 
GS-70 70 ns 45 ns 
G5-80 80 ns 50 ns 
UPD42S16900G5M-50 50 ns 35 ns 350 pA 32-pin plastic TSOP (reverse pinouts) 
G5M-60 60 ns 40 ns 
GSM-70 70 ns 45 ns 
GSM-80 80 ns 50 ns 


Ordering Information, p.PD42S16900L (+ 3.3-volt power; 4096 refresh cycles; self-refresh mode) 


RAS Access Fast-Page Battery Backup 
Part Number Time (max) Cycle (max) Current (max) Package 
UPD42S16900LLE-A60 60 ns 40 ns 140 pA 32-pin plastic SOJ 
LE-A70 70 ns 45 ns 
LE-A80 80 ns 50 ns 
UPD42S16900LG5-A60 60 ns 40 ns 140 pA 32-pin plastic TSOP (normal pinouts) 
G5-A70 70 ns 45 ns 
G5-A80 80 ns 50 ns 
UPD42S16900LGSM-A60 60 ns — 40 ns 140 pA 32-pin plastic TSOP (reverse pinouts) 
G5M-A70 70 ns 45 ns 
G5M-A80 80 ns 50 ns 








uPD421x900/L, 42S1x900/L 





Ordering Information, »PD4217900 (+ 5-volt power; 2048 refresh cycles) 


RAS Access Fast-Page Battery Backup 
Part Number Time (max) Cycle (max) Current (max) Package 
uUPD4217900LE-50 50 ns 35 ns 300 yA 32-pin plastic SOJ 
LE-60 60 ns 40 ns | | 
LE-70 70 ns 45 ns 
LE-80 80 ns 50 ns 
uPD4217900G5-50 50 ns 35 ns 300 pA : 32-pin plastic TSOP (normal pinouts) 
G5-60 60 ns 40 ns | | 
G5-70 70 ns 45 ns 
G5-80 80 ns 50 ns 
uUPD4217900G5M-50 50 ns 35 ns 300 WA . $2-pin plastic TSOP (reverse pinouts) 
G5M-60 60 ns 40 ns | 
G5M-70 70 ns 45 ns 
G5M-80 80 ns 50 ns 





Ordering Information, »PD4217900L (+ 3.3-volt power; 2048 refresh cycles) 


RAS Access Fast-Page Battery Backup 
Part Number Time (max) Cycle (max) Current (max) Package 
uUPD4217900LLE-A60 60 ns 40 ns 120 pA 32-pin plastic SOJ 
LE-A70 70 ns 45 ns 
LE-A80 80 ns 50 ns 
UPD4217900LG5-A60 © 60 ns 40 ns 120 pA 32-pin plastic TSOP (normal pinouts) 
G5-A70 70 ns 45 ns 
G5-A80 80 ns 50 ns 
UPD4217900LG5M-A60 60 ns 40 ns 120 yA 32-pin plastic TSOP (reverse pinouts) 
G5M-A70 70 ns 45 ns 
G5M-A80 80 ns 50 ns 
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Ordering Information, »PD42S17900 (+ 5-volt power; 2048 refresh cycles; self-refresh. mode) 








RAS Access Fast-Page Battery Backup 
Part Number Time (max) Cycle (max) Current (max) Package 
UPD42S17900LE-50 50 ns 35 ns 300 yA 32-pin plastic SOJ 
LE-60 60 ns 40 ns 
LE-70 . 70Ons 45 ns 
LE-80 80 ns 50 ns 
uUPD42S817900G5-50 50 ns 35 ns 300 uA 32-pin plastic TSOP (normal pinouts) 
G5-60 60 ns 40 ns 
G5-70 70 ns 45 ns 
G5-80 80 ns 50 ns 
uUPD42S817900G5M-50 50 ns 35 ns 300 pA 32-pin plastic TSOP (reverse pinouts) 
G5M-60 60 ns 40 ns 
G5M-70 70 ns 45 ns 
G5M-80 80 ns 50 ns 





Ordering Information, »PD42S17900L (+ 3. 3-volt power; 2048 refresh cycles; self-refresh mode) 


RAS Access Fast-Page Battery Backup 
Part Number Time (max) Cycle (max) Current (max) Package 
¢PD42S17900LLE-A60 60 ns 40 ns 120 pA 32-pin plastic SOJ 
LE-A70 70 ns . 45 ns 
LE-A80 80 ns 50 ns 
uPD42S17900L.G5-A60 60 ns “40 ns ~ 120 pA 32-pin plastic TSOP (normal pinouts) 
G5-A70 70 ns 45 ns 
G5-A80 80 ns 50 ns 
UPD42S17900LG5M-A60 “60 ns 40ns . 120 pA $2-pin plastic TSOP (reverse pinouts) 
G5M-A70 70 ns 45 ns 
G5M-A80 80 ns 50 ns 
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Absolute Maximum Ratings Capacitance 
eigen sas on ee eee pe ene Ta = 25°C; f = 1 MHz 





Voltage on any pin relative to GND 


5-volt devices -1.0 to +7.0V Parameter Symbol Max Unit Pins Under Test 
aoe NON MOWERS se oe Input capacitance Cy, 5 pF Addresses 
Operating temperature, Topr 0 to +70°C “Cp ~—So7~S*é«&*mE. CNG, WEE, OE, RAS 
Storage temperature, Tstg -55 to +125°C input/output Co 7 pF 04 -VOg 
Short-circuit output current, log 50 mA capacitance 





Power dissipation, Pp 1.0 W 


Exposure to Absolute Maximum Ratings for extended periods may 
affect device reliability; exceeding the ratings could cause perma- 
nent damage. The device should be operated within the limits 
specified under DC and AC Characteristics. 


Recommended Operating Conditions 





5-Volt Devices 3.3-Volt Devices 
Parameter. Symbol! Min Typ Max Min Typ Max Unit 
input voltage, high Vin 2.4 Veo + 1.0 2.0 Voc + 0.3 Vv 
Input voltage, low Vin -1.0 0.8 -0.3 0.8 Vv 
Supply voltage Veco 45 5.0 5.5 3.0 3.3 3.6 vo 
Ambient temperature Ta 0 70 0 70 ae 


Self-Refresh Current; 42S 1x Devices 
Ta = Oto +70°C; Veg = +5 V £10% or +3.3V 40.3V 


ymbol 5-Volt Devices 3.3-Volt Devices Conditions 


loo7 200 A max 80 vA max VO pins: Vin = Voc -0.2V; Vy = 0.2 V or 
open. Other input pins: Viy = Voc -0.2 V; Vit 
< 0.2 V or open; tras 2 100 ys 





ow 





DC Characteristics; 5-Volt Devices 
Ta = O to +70°C; Voo = +5.0 V 10% 

















Parameter Symbol Min Typ Max Unit Test Conditions 
Standby current loce 2.0 mA RAS = CAS = Vin (min); lo = OMA 
400 yA RAS = CAS = Vog-0.2 Vi lo = OMA 
Input leakage current hw ~10 10 HA Vin = 0 V to Voc; all other pins not under test = OV 
Output leakage current low) -10 10 HA Dout disabled; Vout = OV to Voc 
Output voltage, low Vor 0.4 Vv lo. = 4.2mA 
Output voltage, high Vou 2.4 Vv loH = -S mA 
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DC Characteristics; 3.3-Volt Devices 
Ta = Oto +70°C; Vog = +3.3V 40.3 V 





Parameter Symbol Min Typ Max Unit Test Conditions 
Standby current loce 2.0 mA RAS = CAS = Viqj (min); lo = OMA 
400 HA RAS = CAS = Voc - 0.2 Vi lo = OMA 
Input leakage current um) -10 10 LA Vin = 0 V to Voc; all other pins not under test = 0V 
Output leakage current low) ~10 10 UA Dout disabled; Voyt = 9V to Voc 
Output voltage, low VoL 0.4 V lo. = 2.0mA 
Output voltage, high Vou 2.4 V lon = -2.0 mA 





DC Current Requirements; 5-Volt Devices 








Parameter Symbol -50 -60 -70 -80 Unit Test Conditions 

Operating current loc 
4216/42S16 110 100 90 80 mA RAS, CAS cycling; tao = tac (min); lop = O MA 
4217/42S17 130 120 110 100 mA 

Refresh current (RAS only locos 

refresh) 
4216/42S16 110 100 90 80 mA RAS cycling; CAS = Vyy (min); tac = tac 
4217/42S17 130 120 10 1002S mA SIN); lg = OMA 

Operating current (Fast- loca 

page mode) 
4216/42S16 80 70 60 50 mA CAS cycling; RAS < Vy, (max); tpo = tpg (min); 
4217/42S17 80 70 60 50 mA) IO = OMA 

Refresh current (CAS loos 

before RAS refresh) 
4216/42S16 110 100 90 80 mA RAS cycling; tac = tac (min); lo = OmA 
4217/42S17 130 120 110 100 mA 

Battery backup current loce Standby: RAS 2 Voc - 0.2 V; 

(Standby with CAS RAS, CAS: OV s Vy sO.2V, 

before RAS refresh) Voo-0.2V s Viy s Vin (max); 

tras = 300 ns tras <= 14s WE, OE: Vip; Address: don't care; Output: open 

42S16 350 500 yA CAS before RAS refresh: 4096 cycles, 256 ms 
42817 300 400 uA CAS before RAS refresh: 2048 cycles, 256 ms 





© 
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DC Current Requirements; 3.3-Volt Devices 








Parameter Symbol -A60 -A7O0_ -A80 Unit Test Conditions 

Operating current. loca . 
4216/42S16 . o OTe ae. GG), ~ 80 70. mA __ RAS, CAS cycling; tag = tac (min); lo = O mA 
4217/42S17 | a ‘110 100 90 . mA 

Refresh current (RAS. only —Iocg . . 

refresh) ‘ 
4216/4216 90 80 70 mA RAS cycling; CAS = Viy (min); tag = tao (min); 
4217/42817 110 100 90 ma fom oma 

Operating current (Fast- loca . 

page mode) 
“4216/42S16 : ; 60 _ 50 40 mA CAS cycling; RAS < Vj, (max); tpo = tp (min); 
4217/42S17 © 60 50 40 mA. 0 OMA 

Refresh current (CAS loos . 

before RAS refresh) : 
4216/42S16 90 80 | 70 mA RAS cycling; tao = tac (min); lo = 0 mA 
4217/42S17 110 100 90 mA 

Battery backup current loos Standby: RAS = Vog- 0.2 V; 


(Standby w with CAS 
before RAS refresh) 


als 


S, CAS: OV s Vy s0.2V, 
: ¢-02V < Vin s Vin (max); 
tras = 300ns  —s tras Ss 14s E, OE: Vip; Address: don't care; Output: open - 


42S16 140 140 HA S before RAS refresh: 4096 cycles, 256 ms . 
42817 A tte fas on : 120 120 UA 


] ap ae Ps) 


S before RAS refresh: 2048 cycles, 256 ms 
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AC Characteristics 
Ta = 0 to +70°C; Vog = +5.0 V +10% (-50, -60, -70, -80) or +3.3 V +0.3 V (-A60, -A70, -A80) 








-50 -60, -A60 -70, -A70 -80, -A80 ; 
Parameter Symbol Min Max Min Max Min Max Min Max Unit Test Conditions 
Access time from column tag 25 30 35 40 ns (Notes 7, 8) 
address 
Access time from CAS tacp 30 35 40 45 ns _—_ (Note 7) 
precharge (rising edge) 

Column address setup tasc 0 0 (0) 0 ns 

time 

Row address setup time tasr 0 0 0 0 ns 

Column address to WE tawp 45 53 60 65 ns __ (Note 15) 
delay time 

Access time from CAS tcac 13 15 18 20 ns___ (Notes 7, 8) 
(falling edge) 

Column address hold tcaH 13 15 15 15 ns 

time 

CAS pulse width tcas 13. 10,000 15 10000 18 10,000 20 10,000 ns 

CAS hold time for CAS tour 10 10 “ 10 10 ns 

before RAS refresh cycle 

CAS hold time (CBR self- tons -50 -50 -50 -50 ns (Note 16) 
refresh mode) 

CAS to output in low-Z tcLz 0 0 0 0 ns (Note 7) 
Fast-page CAS precharge _— top 8 10 10 10 ns 

time 

CAS precharge time topn 8 10 10 10 ns 

Fast-page CAS precharge tcpwp 55 60 65 70 ns (Note 14) 
to WE delay time 

CAS to RAS precharge tcrp 5 5 5 5 ns (Note 10) 
time 

CAS hold time tosy 50 60 70 80 ns 

CAS setup time for CAS tosr 5 5 5 5 ns 

before RAS refresh cycle 

CAS to WE delay ‘towp 33 38 43 45 ns _ (Note 15) 
Write command towL 13 15 15 15 ns 

referenced to CAS lead 

time 

Data-in hold time toH 10 10 15 15 ns (Note 13) 
Data-in setup time tos 0 0 0 0 ns (Note 13) 
Access time from OE toEA 13 15 18 20 ns _—_ (Notes 3, 4, 7, 8) 
OE data delay time | toED 10 13 15 15 ns 

GE command hold time toEH 0 0 0 fe) ns 

OE to RAS inactive setup toes 9) 0 0 0) ns 

time 

Output turnoff delay from toez fe) 10 i?) 13 10) 15 0 15 ns (Note 9) | Bj 
OE 
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pPD421x900/L, 42S1x900/L NV. E C 


AC Characteristics (cont) 











-50 ~60, -A60 -70, -A70 -80, -A80 ; 
Parameter Symbol Min Max Min Max Min Max Min Max Unit Test Conditions 
Output disable from CAS ~— torr 0 10 o 13 0 15 0 15 ns (Note 9) 
high 
GE to output in low-Z toLz 0 0 0 0 ns.__ (Note 7) 
Fast-page read or write tpo 35 40 45 50 ns__—_ (Note 6) 
cycle time 
Fast-page read-modify- tprawc 80 85 90 100 ‘ns = (Note 6) 
write cycle time with 
extended data output 
Access time from RAS trac 50 60 70 80 ns _—_ (Notes 7, 8) 
RAS to column address trap 13 25 15 30 15 35 17 40 ns (Note 8) 
delay time 
Row address hold time tray 8 10 10 12 ns 
Column address lead tRAL 25 30 35 40 ns 
time referenced to RAS 
(rising edge) 
RAS pulse width tras 50 10,000 60 10,000 70 10,000 80 10,000 ns 
Fast-page RAS pulse tpasp 50 125,000 60 125,000 70 125,000 80 125,000 ons 
width 
RAS pulse width (CBR trass 100 100 100 100 Us (Note 16) 
self-refresh mode) 
Random read or write tac 90 110 130 150 ns (Note 6) 
cycle time 
RAS to CAS delay time trep 18 32 20 45 20 50 25 60 ns __ (Note 8) 
Read command hold time — tacy 0 ie] 0 0 ns (Note 11) 
referenced to CAS 
Read command setup tacs 0 0 0 0 ns 
time 
Refresh period tREF 
4216 64 64 64 64 ms 
4217 32 32 32 32 ms 
42816 . 256 256 256 256 sms 
42817 256 256 256 256 ms 
RAS hold time referenced = trricp 30 35 40 45 ns 
to CAS precharge 
RAS precharge time trp 30 40 50 60 ns 
RAS precharge CAS hold —tapc 5 5 5 5 ns 
time 
RAS precharge time taps 90 110 130 150 ns (Note 16) 
_ (CBR self-refresh mode) 
Read command hold time — tray 0 ie) 0 0 - ons (Note 11) 
_teferenced to RAS 
RAS hold time tasH 13 15 18 20 ns 
Read-modify-write cycle tawc 140 160 ~ 180 200 ns (Note 6) 
time ; 
RAS to WE delay trawp 70 83 95 105 ns _ (Note 15) 
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AC Characteristics (cont) 
-50 -60, -A60 -70, -A70 -80, -A80 

Parameter Symbol Min Max Min Max Min Max Min Max Unit Test Conditions 
Write command tRWL 18 20 20 20 ns 

referenced to RAS lead 

time 

Rise and fall transition tr 3 50 3 50 3 50 3 50 ns 

time 

Write command hold twou 8 10 10 15 ns __ (Note 12) 

time 

Write command setup twos 0 0 0 0 ns (Note 14) 
time 
Write command pulse twp 8 10 10 15 ns (Note 12) 
width 
Notes: 

(1) All voltages are referenced to GND. (9) torr (max) and to¢z (max) define the time at which the outputs 


(2 


—_ 


3 


— 


(4 
& 


a 


6 


— 


(8) 


An initial pause of 100 ps is required after power-up, followed by 
eight refresh cycles (RAS only or CBR) before proper device 
operation is achieved. 


loot: loos: loca: and locos depend on output loading and cycle 
rates. Specified values are obtained with the output open. Iocg 
is measured assuming that all column address inputs are held at 
either a high level or a low level during RAS-only refresh cycles. 
loca is measured assuming that all column address inputs are 
switched only once during each fast-page cycle. 


Ac measurements assume ty = 5ns. 


Vin (min) and Vi_ (max) are reference levels for measuring the 
timing of input signals. Transition times are measured between 
Vin and Viz. 


The minimum specifications are used only to indicate the cycle 
time at which proper operation over the full temperature range 
(Ta= 0 to +70 °C) is assured. 


Load = 2 TTL (-1 mA, +4 mA) loads and 100 pF. 


If tacp <= trop (max) and trap = trap (max), access time is 
defined by trac (max). 

if tacp = tacp (max), access time is defined by tcac (max). 

If taap 2 trap (max), access time is defined by ta, (max). 


(10) 


(11) 
(12) 


(13) 


(14) 


(15) 


(16) 
(17) 


become open-circuit and are not referenced to Voy or VoL. 


The torp requirement should be applicable for RAS/CAS cycles 
preceded by any cycle. 


Either tangy or tacy must be satisfied for a read cycle. 


Parameter twp is applicable for a late write cycle. For early write 
cycles, twop must be met. 


These parameters are referenced to the leading edge of CAS in 
early write cycles and to the leading edge of WE in late write or 
read-modify-write cycles. 


If twos = twcs (min), the cycle is an early write cycle and the 
data I/O pins will remain open-circuit throughout the entire cycle. 


If tewo = tewp (min), tawp 2 tawo (min), and tawp = tawo 
(min), then the cycle is a read-write cycle and the data I/O pins 
will contain data read from the selected cells. If neither of the 
above conditions is met, the condition of the data I/O pins (at 
access time and until CAS returns to Vj})) is indeterminate. 


Parameter is applicable only to self-refresh versions. 


With burst CBR, RAS only, or external RAS/CAS, all addresses 
must be refreshed before entering self-refresh mode and after 
exiting. 
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uPD421x900/L, 42S1x900/L 


Timing Waveforms 


Read Cycle 
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N- KE C pPD421x900/L, 42$1x900/L 


Timing Waveforms (cont) 


Early-Write Cycle 


a "VTL. 


| 
ke EE a | 


Input/Output 


[1] OE = don't care. 
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Timing Waveforms (cont) 


Late-Write Cycle 


toEH 


toED 


Data-In 
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Timing Waveforms (cont) 


Read-Write/Read-Modify-Write Cycle 


tRWL 


toeH 


= 


toca tOED 


toa toez 


memes OKO 
= 
tale towz 
toz 
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Timing Waveforms (cont) 


Fast-Page Read Cycle 


Tam 


el) coms co. 
toz > 


teLz teLz 


ts 


tRA 
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NV. KE C pPD421x900/L, 42S1x900/L 


Timing Waveforms (cont) 


Fast-Page Early-Write Cycle 


tRAD>1<~>tasc 


tasR tcaH tasc tcaH asc 


tRAH 
Nt row KE coum DMX 


[1] OE =dontcare. 
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Timing Waveforms (cont) 


Fast-Page Late-Write Cycle 


[AMM 





— 20 


NE Cc pPD421x900/L, 42S1x900/L 


Timing Waveforms (cont) 


Fast-Page Read-Write/Read-Modify-Write Cycle 


NG eo 


tcrP tacp tcas tcp 


ws NN 
tRaD 
taSR tCAH tRAL 


tRAH tasc tasc ton 
| 
Ce (a CC) ee 

i 
RWD 


trcs towL 


“Z| "4 


| 
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pPD421x900/L, 42$1x900/L 


Timing Waveforms (cont) 


Hidden Refresh Cycle 


Memory Cycle 
tac 
tRAS 


tcrp 
/1} 
t 


tasR 


tasc 
RAH 


tRAD 


tRAL 
| | 


XM) a ae 


| if 
a 


tos 


High Impedance 


- 


trac 


Input/Output 


{ N Valid Data-out 
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CAS Before RAS Cycle 
tro 
—tras 


CAS Before RAS Cycle 
tac 
tRAS 


tcHRa-———> trp 


‘CPN 


tWHR 


tOFF 
toEz 


High 
Imp eca 8 
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Timing Waveforms (cont) 


RAS-Only Refresh Cycle 


tap 
tRPC 


AUN 


High Impedance 
Input/Output a! 


Notes: 
[1} WE = OE = don't care. 





CAS Before RAS Refresh Cycle 


trpc_ 'CSR 


Z A VTL 


mses ILL LLL 


83FM-7011B 
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Timing Waveforms (cont) 


CBR Self-Refresh Cycle 


High Impedance 
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NEC 


NEC Electronics Inc. 


Advance Information 


Description 


The devices listed below are static-column dynamic 
RAMs organized as 2M words by 9 bits and designed to 
operate from a single power supply. Optional features 
are power supply voltage (+5 V or +3.3 V), a new 
refresh mode called “self-refresh,” and the number of 
cycles in a refresh period. 


#PD Power Self-Refresh Refresh Cycles 
4216902 +5V — 4096 in 64 ms 
902L +3.3V = 
42816902 +5V v 4096 in 256 ms 
902L +3.3V v 
4217902 +5V _ 2048 in 32 ms 
902L +3.3V _ 
42817902 +5V v 2048 in 256 ms 
902L +3.3V v 


Note: Letters L and S denote 3,3-volt and self-refresh devices, 
respectively. 


Advanced polycide technology using stacked capaci- 
tors minimizes silicon area and provides high storage 
cell capacity, high performance, and high reliability. A 
single-transistor dynamic storage cell and CMOS cir- 
Cuitry throughout ensure minimum power dissipation 
while an on-chip circuit internally generates the nega- 
tive voltage substrate bias—automatically and trans- 
parently. 


The three-state I/O pins are controlled by CS indepen- 
dent of RAS. After a valid read or read-modify-write 
cycle, data is held on the outputs by maintaining CS 
low. Data outputs return to high impedance when CS 
goes high. Static-column read and write cycles can be 
executed by cycling CS. 


Refreshing may be accomplished by a CS before RAS 
refresh cycle (CBR) that internally generates the re- 
fresh addresses. 


uPD4216902 
2,097,152 x 9-Bit 
Dynamic CMOS RAM 


For the 4216/42S16, RAS only refresh cycles and normal 
read or write cycles on the 4096 address combinations 
Of Ag - Ay, will refresh all memory locations, Bits Ag - Aj, 
are used for row and refresh addresses, Ag -Ag for 
column addresses. 


For the 4217/4217, RAS only refresh cycles and normal 
read or write cycles on the 2048 address combinations 
Of Ao - Aig will refresh all memory locations. Bits Ap - Aig 
are used for row and refresh addresses, Ag - Ag for 
column addresses. 


The self-refresh mode is entered by holding RAS and CS 
low for longer than 100 ys during a CBR cycle. Detec- 
tion of this long RAS time starts an internal oscillator 
that maintains data integrity without external clocking. 
The slow refresh reduces the data hold current to less 
than 200 WA (+5 V) or 80 pA (+3.3 V). Self-refresh mode 
is used with microprocessors that have a “sleep mode” 
for low-power applications such as notebook PCs. 


Battery backup current Iocg is defined as the current 
consumption when the device is in standby mode (RAS 
2 Voc — 0.2 V) and very-slow (extended) CBR cycles 
are being performed. 


Features 


QO 2,097,152 by 9-bit organization 

Single power supply: +5-volt or +3.3-volt 
Static-column option 

Low-power operation 

CS before RAS refreshing 

Self-refresh option (slow internal automatic refresh) 
On-chip substrate bias generator 
TTL-compatible inputs and outputs 

Nonlatched three-state outputs 

Low input Capacitance 

Multiplexed row and column addresses 

32-pin, 400-mi! SOJ and TSOP plastic packages 


gooonoonvdmUmdcUanodcmUmcUanocUaAacC anon 


Contact your NEC sales representative for a complete data sheet. 
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pPD4216902 N: 


Pin Configuration 





32-Pin Plastic SOJ 32-Pin Plastic TSOP (Reverse Pinouts) 


pv PD421€/42816, 4217/42817 PD4216/42S16, 4217/42S17 


OaOanN Aah OND = 


-s_ = 
—~ © 


a sok ot 
aak aN 


* Pin 23 Is NC for 4217/42S17 


Suffix-7KD In the package identifier 
denotes reverse pinout sequence. 





Pin Identification : 


Name Function 

Ao - Ati Address inputs 

YO, - Og - Data inputs and outputs 

cs Column address strobe 

OE Output enable — 

RAS Row address strobe 

WE — Write enable 

GND Ground © 

Voco +5-volt or +3.3-volt power supply 
NC No connection 





* Pin 10 Is NC for 4217/42S17 


Suffix -7JD in the package Identifier 
denotes normal pinout sequence. 
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NEC Electronics Inc. 


Description 


The devices listed below are fast-page dynamic RAMs 
organized as 1M words by 16 bits and designed to 
operate from a single power supply. Optional features 
are power supply voltage (+5 V or +3.3 V), a new 
refresh mode called “self-refresh,” and the number of 
cycles in a refresh period. 


pPD _ Power Self-Refresh Refresh Cycles 
4216160 +5V — 4096 in 64 ms 
160L +3.3V _ 
42816160 +5V v 4096 in 256 ms 
160L +3.3V v 
4217160 +5V _ 2048 in 32 ms 
160L +3.3V _— 
42817160 +5V Vv 2048 in 256 ms 
160L +3.3V v 
4218160 +5V _ 1024 in 16 ms 
160L +3.3V _ 
42818160 +5V v 1024 in 256 ms 
160L +3.3V Vv 


Note: Letters L and S denote 3.3-volt and self-refresh devices, 
respectively. 


Advanced polycide technology using stacked capaci- 
tors minimizes silicon area and provides high storage 
cell capacity, high performance, and high reliability. A 
single-transistor dynamic storage cell and CMOS cir- 
cuitry throughout ensure minimum power dissipation 
while an on-chip circuit internally generates the nega- 
tive voltage substrate bias—automatically and trans- 
parently. 


The three-state I/O pins are controlled by UCAS and 
LCAS independent of RAS. After a valid read or read- 
modify-write cycle, upper or lower byte data is held on 
the outputs by maintaining UCAS or LCAS low. Data 
outputs return to high impedance when UCAS or LCAS 
goes high. Fast-page read and write cycles can be 
executed by cycling UCAS or LCAS. 


Refreshing may be accomplished by a CAS before RAS 
refresh cycle (CBR) that internally generates the re- 
fresh addresses. 


For the 4216/42S16, RAS only refresh cycles and normal 
read or write cycles on the 4096 address combinations 
Of Ao - Ay will refresh all memory locations. Bits Ag - Ay, 
are used for row and refresh addresses, Ao - A7 for 
column addresses. 

















60188 


pPD421x160/L, 42S1x160/L 
(x a 6, 7, 8) 

1,048,576 x 16-Bit 
Dynamic CMOS RAM 


For the 4217/4217, RAS only refresh cycles and normal 
read or write cycles on the 2048 address combinations 
of Ag - Aj will refresh all memory locations. Bits Ag - Ayo 
are used for row and refresh addresses, Ag - Ag for 
column addresses. 


For the 4218/42S18, RAS only refresh cycles and normal 
read or write cycles on the 1024 address combinations 
Of Ao - Ag will refresh all memory locations. Bits Ag - Ag 
are used for row, refresh, and column addresses. 


The self-refresh mode is entered by holding RAS and 
CAS low for longer than 100 us during a CBR cycle. 
Detection of this long RAS time starts an internal 
oscillator that maintains data integrity without exter- 
nal clocking. The slow refresh reduces the data hold 
current to less than 200 yA (+5 V) or 80 WA (+3.3 V). 
Self-refresh mode is used with microprocessors that 
have a “sleep mode” for low-power applications such 
as notebook PCs. 


Battery backup current Icc¢ is defined as the current 
consumption when the device is in standby mode (RAS 
= Voc - 0.2 V) and very-slow (extended) CBR cycles 
are being performed. 


Features 


1,048,576 by 16-bit organization 

Single power supply: +5-volt or +3.3-volt 
Fast-page option 

Low-power operation 

Byte read/write control with UCAS and LCAS 
CAS before RAS refreshing 

Self-refresh option (slow internal automatic refresh) 
On-chip substrate bias generator 
TTL-compatible inputs and outputs 

Nonlatched three-state outputs 

Low input capacitance 

Multiplexed row and column addresses 

42-pin SOJ and 50/44-pin TSOP plastic packages 
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uPD421x160/L, 42S 1x160/L NEC 


Pin Configurations 











42-Pin Plastic SOJ Pin Identification 
4216/42816, 4217/42817, 4218/4218 Nene Euneued 

1 Ao- Att Address inputs 

2 YO4- VOrw Data inputs and outputs 

: CCAS, UCAS Column address strobes 

5 OE Output enable 

6 RAS Row address strobe 

s WE Write enable 

9 GND Ground 
Voc + 5-volt or +3.3-volt power supply 
NC No connection 





* Pin 15 is NC for 4217/42$17 and 4218/42S18 
Pin 16 Is NC for 4218/42S18. 
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Pin Configurations (cont) 
50/44-Pin Plastic TSOP (Normal Pinouts) 50/44-Pin Plastic TSOP (Reverse Pinouts) 


4216/42S16, 4217/42S17, 4218/42S18 4216/42S16, 4217/42S17, 4218/42S18 


* Pin 19 is NC for 4217/42S17 and 4218/42S18 * Pin 32 Is NC for 4217/42S17 and 4218/42S18 
Pin 20 Is NC for 4218/42S18. Pin 31 Is NC for 4218/42S18. 


Suffix -7JF In the package Identifier Suffix -7KF in the package Identifler 
denotes normal pinout sequence. denotes reverse pinout sequence. 











uPD421x160/L, 42S 1x160/L 


Block Diagram 


CAS Before RAS 


intemal Refresh 
Clock 


Data VO Bus , 
Refresh Address 
Counter 


3 Column Decoder 


Address Buffer 


Note: 4216/42S16: Ag-A14 
4217142817: Ag-A19 
4218/42S18: Ag-Ag 





Truth Table 


Function RAS [CAS UCAS We OE 1/0, - /Og 1/09 - /046 
Standby H x x X x High-Z High-Z 
Refresh cycle L H H X X High-Z High-Z 
Byte read cycle L L H H L Data output High-Z 

L H L H L High-Z Data output 
Word read cycle L L L H L Data output Data output 
Byte write cycle L L H L H Data input _~ 

L H L L H —_ Data input 
Word write cycle L L L L H Data input Data input 

— L L L H H High-Z High-Z 





X = don't care. 
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Ordering Information, »PD4216160 (+ 5-volt power; 4096 refresh cycles) 














RAS Access Fast-Page Battery Backup 
Part Number Time (max) Cycle (max) Current (max) Package 
uPD4216160LE-50 50 ns 35 ns 350 A 42-pin plastic SOJ 
LE-60 60 ns 40 ns | 
LE-70 70 ns 45 ns 
LE-80 80 ns 50 ns 
uPD4216160G5-50 50 ns 35 ns 350 A 50/44-pin plastic TSOP (normal pinouts) 
G5-60 60 ns 40 ns . 
G5-70 70 ns 45 ns 
G5-80 80 ns 50 ns 
UPD4216160G5M-50 50 ns 35 ns 350 WA 50/44-pin plastic TSOP (reverse pinouts) 
G5M-60 60 ns 40 ns 
G5M-70 70 ns 45 ns 
G5M-80 80 ns 50 ns 





Ordering Information, ».PD4216160L (+ 3.3-volt power; 4096 refresh cycles) 











RAS Access Fast-Page | Battery Backup 
Part Number Time (max) Cycle (max) Current (max) Package 
uPD4216160LLE-A60 60 ns 40 ns 140 pA 42-pin plastic SOJ 
LE-A70 70 ns 45 ns 
LE-A80 80 ns 50 ns 
uUPD4216160LG5-A60 60 ns 40 ns 140 pA 50/44-pin plastic TSOP (normal pinouts) 
G5-A70 70 ns 45 ns 
G5-A80 80 ns 50 ns 
UPD4216160LG5M-A60 60 ns 40 ns 140 pA 50/44-pin plastic TSOP (reverse pinouts) 
G5M-A70 70 ns 45 ns 
G5M-A80 80 ns 50 ns 
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Ordering information, »«PD42S16160 (+ 5-volt power; 4096 refresh cycles; self-refresh mode) 














RAS Access Fast-Page Battery Backup 
Part Number Time (max) Cycle (max) Current (max) Package 
uPD42S16160LE-50 50 ns 35 ns 350 pA 42-pin plastic SOJ 
LE-60 60 ns 40 ns 
LE-70 70 ns 45 ns 
LE-80 80 ns 50 ns 
uPD42S16160G5-50 50 ns 35 ns 350 yA 50/44-pin plastic TSOP (normal pinouts) 
G5-60 60 ns 40 ns 
G5-70 70 ns 45 ns 
G5-80 80 ns 50 ns 
uUPD42S16160G5M-50 50 ns 35 ns 350 yA 50/44-pin plastic TSOP (reverse pinouts) 
G5M-60 60 ns 40 ns 
G5M-70 70 ns 45 ns 
G5M-80 80 ns 50 ns 





Ordering Information, »PD42S16160L (+ 3.3-volt power; 4096 refresh cycles; self-refresh mode) 


RAS Access Fast-Page Battery Backup 
Part Number Time (max) Cycle (max) Current (max) Package 
UPD42S16160LLE-A60 60 ns 40 ns 140 pA 42-pin plastic SOU 
LE-A70 70 ns 45 ns 
LE-A80 80 ns 50 ns 
uUPD42S16160LG5-A60 60 ns 40 ns 140 yA §0/44-pin plastic TSOP (normal pinouts) 
G5-A70 70 ns 45 ns 
G5-A80 80 ns 50 ns 
pPD42S16160LG5M-A60 60 ns 40 ns 140 yA 50/44-pin plastic TSOP (reverse pinouts) 
G5M-A70 70 ns 45 ns 
G5M-A80 80 ns 50 ns 





° 
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Ordering Information, ».PD4217160 (+ 5-volt power; 2048 refresh cycles) 





RAS Access Fast-Page Battery Backup 
Part Number Time (max) Cycle (max) Current (max) Package 
MPD4217160LE-50 50 ns 35 ns 300 vA 42-pin plastic SOJ 
LE-60 60 ns 40 ns 
LE-70 70 ns 45 ns 
LE-80 80 ns 50 ns 
pPD4217160G5-50 50 ns 35 ns 300 WA 50/44-pin plastic TSOP (normal pinouts) 
G5-60 60 ns 40 ns 
GS-70 70 ns 45 ns 
G5-80 80 ns 50 ns 
uUPD4217160G5M-50 50 ns 35 ns 300 pA 50/44-pin plastic TSOP (reverse pinouts) 
G5M-60 60 ns 40 ns 
G5M-70 70 ns 45 ns 
G5M-80 80 ns 50 ns 


Ordering Information, n.PD4217160L (+ 3.3-volt power; 2048 refresh cycles) 


RAS Access Fast-Page Battery Backup 
Part Number Time (max) Cycle (max) Current (max) Package 
uPD4217160LLE-A60 60 ns 40 ns 120 pA 42-pin plastic SOJ 
LE-A70 70 ns 45 ns 
LE-A80 80 ns 50 ns 
uUPD4217160LG5-A60 60 ns 40 ns 120 A 50/44-pin plastic TSOP (normal pinouts) 
G5-A70 70 ns 45 ns 
G5-A80 80 ns 50 ns 
uPD4217160LG5M-A60 60 ns 40 ns 120 pA 50/44-pin plastic TSOP (reverse pinouts) 
G5M-A70 70 ns 45 ns 
G5M-A80 80 ns 50 ns 


N 
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Ordering Information, ».PD42S17160 (+ 5-volt power; 2048 refresh cycles; self-refresh mode) 


RAS Access : = Fast-Page- Battery Backup : 
Part Number — _Time (max) Cycle (max) _ Current (max) Package - 
uPD42S17160LE-50 ' 50 ns 35 ns 300 pA 42-pin plastic SOJ 
LE-60 60 ns 40 ns 
LE-70 70 ns 45 ns 
_ LE-80 80 ns 50 ns 
HPD42S817160G5-50 50 ns ‘35 ns 300 YA 50/44-pin plastic TSOP (normal pinouts) © 
G5-60 60 ns 40 ns 
G5-70 70 ns © 45 ns 
G5-80 80 ns 50 ns 
uPD42S17160G5M-50 50 ns 35 ns 300 pA 50/44-pin plastic TSOP (reverse pinouts) - 
G5M-60 . 60 ns 40 ns 
G5M-70 70 ns 45 ns 
G5M-80 80 ns" 50 ns 





Ordering Information, »PD42S17160L. (+ 3.3-volt power; 2048 refresh cycles; self-refresh mode) 











RAS Access Fast-Page Battery Backup 
Part Number Time (max) Cycle (max) Current (max) Package 
uPD42S17160LLE-A60 ‘60 ns 40 ns 120 pA 42-pin plastic SOJ 
LE-A70 70 ns 45 ns 
LE-A80 80 ns 50 ns 
uPD42S17160LG5-A60 60 ns 40 ns 120 pA §0/44-pin plastic TSOP (normal pinouts) 
G5-A70 70 ns 45 ns 
G5-A80 80 ns 50 ns 
uPD42S17160LGSM-A60 60 ns 40 ns 120 pA 50/44-pin plastic TSOP (reverse pinouts) 
G5M-A70 70 ns 45 ns 
__GSM-A80 80 ns 50 ns 
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Ordering Information, »PD4218160 (+ 5-volt power; 1024 refresh cycles) 


RAS Access Fast-Page Battery Backup = 
Part Number Time (max) Cycle (max) Current (max) Package 
uUPD4218160LE-50 50 ns 35 ns 250 pA 42-pin plastic SOJ 
LE-60 60 ns 40 ns 
LE-70 70 ns 45 ns 
LE-80 80 ns 50 ns 
uPD4218160G5-50 50 ns 35 ns 250 WA 50/44-pin plastic TSOP (normal pinouts) 
G5-60 60 ns 40 ns 
G5-70 70 ns 45 ns 
G5-80 80 ns 50 ns 
uPD4218160G5M-50 ; 50. ns 35 ns 250 pA 50/44-pin plastic TSOP (reverse pinouts) 
G5M-60 60 ns 40 ns 
G5M-70 70 ns 45 ns 
G5M-80 80 ns 50 ns 





Ordering Information, »PD4218160L (+ 3.3-volt power; 1024 refresh cycles) 


RAS Access Fast-Page Battery Backup 
Part Number Time (max) Cycle (max) Current (max) Package 
uPD4218160LLE-A60 60 ns 40 ns 110 pA 42-pin plastic SOJ 
LE-A70 70 ns 45 ns 
LE-A80 80 ns 50 ns 
uUPD4218160LG5-A60 60 ns 40 ns 110 pA 50/44-pin plastic TSOP. (normal pinouts) 
G5-A70 70 ns 45 ns 
G5-A80 80 ns 50 ns 
uUPD4218160LGSM-A60 60 ns 40 ns 110 pA 50/44-pin plastic TSOP (reverse pinouts) 
G5M-A70 70 ns 45 ns 
G5M-A80 80 ns 50 ns 
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Ordering Information, »PD42S18160 (+ 5-volt power; 1024 refresh cycles; self-refresh mode) 





RAS Access Fast-Page Battery Backup 
Part Number Time (max) Cycle (max) Current (max) Package 
uPD42S18160LE-50 50 ns 35 ns 250 pA 42-pin plastic SOJ 
LE-60 60 ns 40 ns 
LE-70 70 ns 45 ns 
LE-80 80 ns 50 ns 
uPD42S18160G5-50 50 ns 35 ns 250 pA 50/44-pin plastic TSOP (normal pinouts) 
G5-60 60 ns 40 ns 
G5-70 70 ns 45 ns 
G5-80 80 ns 50 ns 
uPD42S18160G5M-50 50 ns 35 ns 250 A 50/44-pin plastic TSOP (reverse pinouts) 
G5M-60 60 ns 40 ns 
G5M-70 70 ns 45 ns 
G5M-80 80 ns 50 ns 





Ordering Information, »PD42S18160L (+ 3.3-volt power; 1024 refresh cycles; self-refresh mode) 


RAS Access Fast-Page Battery Backup 
Part Number Time (max) Cycle (max) Current (max) Package 
uPD42S18160LLE-A60 60 ns 40 ns 110 vA 42-pin plastic SOJ 
LE-A70 70 ns 45 ns 
LE-A80 80 ns 50 ns 
uUPD42S18160LG5-A60 60 ns 40 ns 110 pA 50/44-pin plastic TSOP (normal pinouts) 
G5-A70 70 ns 45 ns 
G5-A80 80 ns 50 ns 
UPD42S18160LG5M-A60 60 ns 40 ns 110 pA 50/44-pin plastic TSOP (reverse pinouts) 
GS5M-A70 70 ns 45 ns . 
G5M-A80 80 ns 50 ns 
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Absolute Maximum Ratings Capacitance 
oe oe ee eT ee EG Pe Me 





Voltage.on any pin relative to GND 





5-volt devices -1.0to +7.0V Parameter Symboi Max Unit Pins Under Test 
Bi 5 ee Input capacitance Cy 5 pF. Addresses 
Operating temperature, Topr 0 to +70°C Cp —«7~—=sO#pF._LGAS, UGAS, WE, OE, RAS 
Storage temperature, Tstg -55 to +125°C Inpuvoutput Co 7 pF WO,-W0, 
Short-circuit output current, log 50 mA capacitance 
Power dissipation, Pp 1.0W 


Exposure to Absolute Maximum Ratings for extended periods may 
affect device reliability; exceeding the ratings could cause perma- 
nent damage. The device should be operated within the limits 
specified under DC and AC Characteristics. 


Recommended Operating Conditions 











5-Volt Devices 3.3-Volt Devices 
Parameter Symbol Min Typ Max Min Typ Max Unit 
Input voltage, high Vin 2.4 Voc + 1.0 2.0 Voc + 0.3 V 
Input voitage, low Vit -1.0 0.8 -0.3 0.8 V 
Supply voltage Voc 45 5.0 5.5 3.0 3.3 3.6 V 
Ambient temperature Ta 0 70 0 70 °C 





Self-Refresh Current; 42S1x Devices 
Ta = 0 to +70°C; Vog = +5 V +10% or +3.3V 40.3 V 


Symbol 5-Volt Devices 3.3-Volt Devices Conditions 


loe7 200 pA max 80 yA max /O pins: Vin, = Veo -0.2 V; Vip = 0.2 V or 
open. Other input pins: Vip = Voc -0.2 V; Vit 
s 0.2 V or open; tras 2 100 us 











DC Characteristics; 5-Volt Devices 
Ta = 0 to +70°C; Voc = +5.0V +10% 








Parameter Symbol Min Typ Max Unit Test Conditions 
Standby current loce 2.0 mA RAS = CAS = Viyq (min); lo = OMA 
400 uA RAS = CAS = Voc -0.2V; lo = OMA 
Input leakage current hay -10 10 uA Vin = 0 V to Voc; all other pins not under test = 0V 
Output leakage current low -10 10 HA DouT disabled; Vout = OV toVoc 
Output voltage, low VoL 0.4 Vv lol = 4.2 mA 
Output voltage, high Vou 2.4 V lon = -5 mA 
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DC Characteristics; 3.3-Volt Devices 
Ta = Oto +70°C; Vog = +3.3V +0.3V 





Parameter z, ' Symbol Min Typ Max: Unit Test Conditions 
Standby current loce 2.0 - mA RAS = CAS = Viyq (min); lo = OMA 

400 BA RAS = CAS = Voc -0.2 Vi lo = OMA 
Input leakage current ~ day -10. 10 uA Vin = 0 V to Voc; all other pins not. under test = OV 
Output leakage current loi -10 . 10 HA Dout disabled; Voyt = OVtoVog ae: 
Output voltage, low VoL 0.4 V lo. = .2.0mA 
Output voltage, high Vou 2.4 Vv lon = 2.0 mA 





DC Current Requirements; 5-Volt Devices 














Parameter Symbol -50 -60 -70 -80 Unit Test Conditions 

Operating current loc : : a. Saas’ 
4216/42S16 110 ‘100 90 80 mA RAS, CAS cycling; tag = tac (min); lo = OMA 
4217/42S17 130 120 110 100 mA 
4218/42S18 170 160 150 140 mA 

Refresh current (RAS only —Iogg 

refresh) ; 
4216/42S16 110 100 90 80 mA RAS cycling; CAS = Vix (min); tac =t RC 
4217/42817 130 120 170 100 mA~—«S™IN); lo = OMA 
4218/42818 170 160 150 140 mA 

Operating current (Fast- loca 

page. mode) 
4216/42S16 . 100 90 80 70 mA CAS cycling; RAS < $V sere reg tp (min); 
4217/42S17 100 90 80 7 a OO 
4218/42818 > 00 90 80 70 mA 

Refresh current (CAS loos 

before RAS refresh) 
4216/42S16 110 100 90 80 mA RAS cycling; tag = tag (min); lp = O mA 
4217/42S17 130 120 110 100 mA é , 
4218/42818 170 160 150 140 mA 

: Standby: RAS = Voc - 0.2 V; 

Battery backup current loce : RAS, CAS: 0V <= Vy. sO0.2V, 

(Standby with CAS: : Voo-0.2V s Vin s Vin (max); 

before RAS refresh) tras = 300 ns tras = 1s WE, OE: Vjy; Address: don't care;. Guiset open 
42816 350 500 pA CAS before RAS refresh: 4096 cycles, 256 ms_ 
42817 300 400 uA _ GAS before RAS refresh: 2048 cycles, 256 ms 
42818 . 250 300 HA _— GAS before RAS refresh: 1024 cycles, 256 ms — 
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DC Current Requirements; 3.3-Volt Devices 











Parameter Symbol -A60 -A70 . +A80 Unit Test Conditions 

Operating current loc1 
4216/42S16 90 80 70 mA RAS, CAS cycling; tag = tac (min); lo = 0 mA 
4217/42S17 110 100 90 mA 
4218/42S18 150 140 130 mA 

Refresh current (RAS only loos 

refresh) . 
4216/42S816 90 80 70 mA RAS cycling; CAS = Viy (min); tag = tac (min); 
4217/42817 110 100 90 oy a 
4218/42S18 150 140 130 mA 

Operating current (Fast- loca 

page mode) 
4216/42816 80 70 60 mA CAS cycling; RAS < Vy (max); tp¢ = tp (min); 
4217/42817 80 70 60 fA OS om 
4218/42S18 80 70 60 mA 

Refresh current (CAS loos 

before RAS refresh) 
4216/42S16 90 80 70 mA RAS cycling; tao = tro (min); lp = O mA 
4217/42S17 110 100 90 mA 
4218/42S18 150 140 130 mA 

Standby: RAS = Vog- 0.2V; 

Battery backup current loce RAS, CAS: OV < Vy <0.2V, 

(Standby with CAS Voo-0.2V = Viy s Vyy (max); 

before RAS refresh) tras <= 300 ns tras = 1 ps WE, OE: Vip; Address: don't care; Output: open 
42816 140 140 HA CAS before RAS refresh: 4096 cycles, 256 ms 
42817 120 120 UA CAS before RAS refresh: 2048 cycles, 256 ms 
42818 110 110 HA CAS before RAS refresh: 1024 cycles, 256 ms 
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AC Characteristics 
Ta = Oto +70°C; Voc = +5.0 V £10% (-50, -60, -70, -80) or +3.3 V +0.3 V (-A6O, -A70, -A80) 





-50 -60, -A60 -70, -A70 -80, -A80 
Parameter Symbol Min Max Min Max “Min Max Min Max Unit Test Conditions 
Access time from column tag 25 30 35 40 ns (Notes 7, 8) 
address 
Access time from CAS tacp 30 35 40 45 ns____ (Note 7) 
precharge (rising edge) 
Column address setup tasc 0 0 0 0 ns 
time 
Row address setup time tasr 0 0 0 0 ns 
Column address to WE tawp 45 53 60 65 ns _ (Note 15) 
delay time 
Access time from CAS toac 13 15 18 20 ns _ (Notes 7, 8) 
(falling edge) , 
Column address hold toaH 13 15 15 15 ns 
time 
CAS pulse width toas 13 10,000 15 10,000 18 10,000 20 10,000 ns 
CAS hold time for CAS toner 10 10 10 10 ns 
before RAS refresh cycle 
CAS hold time (CBR self- tops —50 -50 ~50 —50 ns (Note 16) 
refresh mode) ; 
CAS to output in low-Z toLz 0 0 ie) 0 ns (Note 7) 
Fast-page CAS precharge tcp 8 10 10 10 ns 
time 
CAS precharge time topn 8 10 10 10 ns 
Fast-page CAS precharge  tcpwp 55 60 65 70 ns (Note 14) 
to WE delay time 
CAS to RAS precharge torp 5 5 5 5 ns (Note 10) 
time 
CAS hold time tosH 50 60 70 80 ns 
CAS setup time for CAS tosr -  § 5 5 5 ns 
before RAS refresh cycle 
CAS to WE delay towo 33 38 43 45 ns (Note 15) 
Write command tow. 13 15 15 15 ns 
referenced to CAS lead 
time 
Data-in hold time tpH 10 10 15 15 ns (Note 13) 
Data-in setup time tps 0 0 .¢) 0 ns (Note 13) 
Masked write hold time turRH 0 ie) te) 0 ns 
referenced-to RAS 
Access time from OE toEA 13 15 18 20 ns _—_ (Notes 3, 4, 7, 8) 
OE data delay time toeD 10 13 15 15 ns 
OE command hold time toeH 0 0 0 fe) ns 
OE to RAS inactive setup toes 0 0 0 fe) ns 
time 
Output turnoff delay from = toEz 0 10 ce) 13 0 15 0 15 ns (Note 9) 
OE 


NEC 


AC Characteristics (cont) 





-50 -60, -A60 -70, -A70 -80, -A80 

Parameter Symbol Min Max Min Max Min Max Min Max Unit Test Conditions 
Output disable from CAS ~~ torr 0 10 0 13 0) 15 0 15 ns (Note 9) 
high 
OE to output in low-Z toLz 0 0 f°) 0 ns __ (Note 7) 
Fast-page read or write tpo 35 40 45 50 ns (Note 6) 
cycle time 
Fast-page read-modify- tpawc 80 85 90 100 ns (Note 6) 
write cycle time with 
extended data output 
Access time from RAS trac 50 60 70 80 ns (Notes 7, 8) 
RAS to column address trap 13 25 15 30 15 35 17 40 ns (Note 8) 
delay time 
Row address hold time tRAH 8 10 10 12 ns 
Column address lead tRAL 25 30 35 40 ns 
time referenced to RAS 
(rising edge) 
RAS pulse width tras 50 10,000 60 £10,000 70 £10,000 80 £10,000 ns 
Fast-page RAS pulse trasp 50 125,000 60 125,000 70 125,000 80 125,000 ns 
width 
RAS pulse width (CBR trass 100 100 100 100 us _— (Note 16) 
self-refresh mode) 
Random read or write tro 90 110 130 150 ns _—_ (Note 6) 
cycle time , 
RAS to CAS delay time tracp 18 32 20 45 20 50 25 60 ns (Note 8) 
Read command holdtime = tracy 0 0 0 0 ns (Note 11) 
referenced to CAS 
Read command setup tres ie) ie) 0 0 ns 
time 
Refresh period tREF 

4216 64 64 64 64 ms 

4217 32 32 32 32 ms 

4218 16 16 16 16 ms 

42816 256 256 256 256 ms 

42S17 256 256 256 256 ms 

42818 256 256 256 256 ms 
RAS hold time referenced = tauicp 30 35 40 45 ns 
to CAS precharge 
RAS precharge time trp 30 40 50 60 ns 
RAS precharge CAS hold — trpco 5 5 5 5 ns 
time 
RAS precharge time taps 90 110 130 150 ns (Note 16) 
(CBR self-refresh mode) 
Read command holdtime = tary 0 0 0 0 ns _— (Note 11) 
referenced to RAS 
RAS hold time tRsH 13 15 18 20 ns 
Read-modify-write cycle tawc 140 160 180 200 ns (Note 6) 


time 


uPD421x160/L, 42S 1x160/L 


15 





pPD421x160/L, 42S 1x160/L 


NEC 





AC Characteristics (cont) 











; 50 |. -60, -A60 -70, -A70 -80, -A80 
Parameter. Symbol, Min Max Min Max. Min Max Min Max Unit Test Conditions 
RAS to WE delay tawo © 70 83 95 105 ns . (Note 15) 
Write command tRWL 18 20 20 20 ns 
referenced to RAS lead : 
time “et 
Rise and fall transition” tr 3 50 3 3 50 3 50 ns 
time 
Write command hold tweou 8 10 10 15 ns (Note 12) 
time 
Write command setup twes c¢) 0 0 0 ns (Note 14) 
time . 
Write command pulse twp 8 10 10 15 ns (Note 12) 
width 
Notes: 


(1) All voltages are referenced to GND. 


(2) An initial pause of 100 ys is required after power-up, followed by 
eight refresh cycles (RAS only or CBR) before proper device 
operation is achieved. 


(3) loc1 loos: loca, and locos depend on output loading and cycle 
rates. Specified values are obtained with the output open. Ioc3 
is measured assuming that all column address inputs are held at 
either a high level or a low level during RAS-only refresh cycles. 
loc4 is measured assuming that all column address inputs are 
switched only once during each fast-page cycle. 


(4) Ac measurements assume ty = 5ns. 


©) Vin (min) and Vi, (max) are reference levels for measuring the 
timing of input signals. Transition times are measured between 
Vin. and Vic. 


(6) The minimum specifications are lied only to indicate the cycle 
_ time at which proper operation over the full temperature range 
(Ta= 0 to +70 °C) is assured. 


(7) Load = 2TTL (-1 mA, +4 mA) loads and 100 pF. 


(8) If trop = taep (max) and trap = 
defined by trac (max). 
if tac = tacp (max), access time is defined by teac (max). 
lf ftRAD = trap Ane), access time is defined by ta, (max). 


trap (max), access time is 


16 


(9) torr (max) and togz (max) define the time at which the outputs 
become open-circuit and are not referenced to Voy or VoL. 


(10) The tcrp.requirement should be applicable for RAS/CAS eyelee 
preceded by any cycle. 


(11) Either tary or tracy must be satisfied for a read cycle. 


(12) Parameter twp is applicable for a late write cycle. For early write 
cycles, two must be met. 


(13) These parameters are referenced to the leadin ing edge of CAS i in 
early write cycles and to the leading edge of WE in late write or 
read-modify-write cycles. 


(14) If twos = twcs (min), the cycle is an early write cycle and the 
data I/O pins will remain open-circuit throughout the entire cycle. 


(15) If tewo 2 tewp (min), tawp = tawn (min), and tawp = tawp 
(min), then the cycle is a read-write cycle and the data I/O pins 
will contain data read from the selected cells. If neither of the 
above conditions is met, the condition of the data I/O pins (at 
access time and until CAS returns to Vi) is indeterminate. 


(16) Parameter is applicable only to self-refresh versions. 


(17) With burst CBR, RAS only, or external RAS/CAS, all addresses 


must be refreshed before entering self-refresh mode and after 
exiting.. 


NV. E C pPD421x160/L, 42S 1x160/L 


Timing Waveforms 


Word Read Cycle 
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Timing Waveforms (cont) 


Byte Read Cycle 


YO1-WVOg 


' Note: 
[1] Nonactive CAS = Vix, 
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Timing Waveforms (cont) 


Word Early-Write Cycle 


VO4-VOig 


Note: 
(t] OE = don't care. 
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Timing Waveforms (cont) 


Byte Early-Write Cycle 


101-0 OK 


VOg- VO1g 


Notes: 
[1} Nonactive CAS = Vj, 
[2] OE = dontcare. 
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Timing Waveforms (cont) 


Word Late-Write Cycle 
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Timing Waveforms (cont) 


Byte Late-Write Cycle 


Note: 
* [1] Nonactive CAS = Vix. 
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Timing Waveforms (cont) 


Word Read-Modify-Write Cycle 


tasc 
tasR 


ae 111) Wasa 1, 
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Timing Waveforms (cont) 


Byte Read-Modify-Write Cycle 


XXL) 


VOg - VO1g 


Note: 
[1] Nonactive CAS = Vjy4. 
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Timing Waveforms (cont) 


Word Fast-Page Read Cycle 


Ny 


Ny 


tRAD 


tcsH 


tRAH < . oe 
taSR tasc 
XK) a9 (KKKX) 
KANE Row KXYT cotnns KROXXANN 


ees 


VO4- vO16 
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™ 


tRASH 
tcp tcAs 


tCAH 


tcrP 


tcrP 


tasc tCAH 


tasc 


LAAAA/ KAKAAAA/ 
Rc OOO 
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Timing Waveforms (cont) 


Byte Fast-Page Read Cycle 


VOg- VO1g 


Note: 
[1] Nonactive CAS = Vjy, 
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Timing Waveforms (cont) 


Word Fast-Page Early-Write Cycle 


tasc tCAH 


tasc 


VO71-VO1g 


Note: 
[1] OE = don't care. 


tRAL 
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Timing Waveforms (cont) 


Byte Fast-Page Early-Write Cycle 


VO4-VOg 


VOg- VO1g 


Notes: 
[1] Nonactive CAS = Viz, 


[2] OE = don'tcare. 
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Timing Waveforms (cont) 


Word Fast-Page Late-Write Cycle 


WAAAY 
KKK 
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Timing Waveforms (cont) 


Byte Fast-Page Late-Write Cycle 


OKKKKKKKKY) 
rer 


CAKAKAKAX 2 XKXAKAKAKAAKAKAAKAKAKAXKAKARAAKA ? 
SOC ONreremramrarenamaaaaananaenee 


AAW AS 





30 


N: E C pPD421x160/L, 42S 1x160/L 


Timing Waveforms (cont) 


Byte Fast-Page Read/Write Cycle 


WY i 
| trawo . | =) 
tacs i | | towL 


tawp 


= .. 
: 
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Timing Waveforms (cont) 


Word Fast-Page Read-Modity-Write Cycle 


VO4 - VO1g 
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XXXKX) 
WOON 


1000000 000.00.00.00 
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Timing Waveforms (cont) 


Byte Fast-Page Read-Modify-Write Cycle 


MMi 


~<-——- towp 
tawD 


peek 


een 


LI 
0.0.0.0; 
ROA 
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Timing Waveforms (cont) 


Hidden-Refresh Cycle (Word Read Cycle) 


ee 


Ee mmm 
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Timing Waveforms (cont) 


Hidden-Refresh Cycle (Word Write Cycle) 


woe LL 0 RII LLLLLLLLLL 


=I = VITILILLLLLLL. 
| , 7 


Li 
tos 
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Timing Waveforms (cont) 
Hidden-Refresh Cycle (Byte Write Cycle) 


; tos 


LLL 








Timing Waveforms (cont) 
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RAS-Only Refresh Cycle 





CAS Before RAS Refresh Cycle 


= TLL 


Note: 

(1) if etther UCAS or LCAS Input Is he 
low before RAS transitions low, the 
on-chip CBR refresh circult Is enabled 
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Timing Waveforms (cont) 


CBR Selt-Refresh Cycle 
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NEC Electronics Inc. 


Description 


The devices listed below are fast-page dynamic RAMs 
organized as 1M words by 18 bits and designed to 
operate from a single power supply. Optional features 
are power supply voltage (+5 V or +3.3 V), a new 
refresh mode called “self-refresh,”. and the number of 
cycles in a refresh period. 


pPD Power Self-Refresh Refresh Cycles 
4216180 +5V = 4096 in 64 ms 
180L +3.3 V —_ 
42816180 +5V v 4096 in 256 ms 
180L +3.3V v 
4217180 +5V _ 2048 in 32 ms 
180L +3.3V _ 
42817180 +5V v 2048 in 256 ms 
180L +3.3V v 
4218180 +5V _ 1024 in 16 ms 
180L +3.3V _ 
42518180 +5V v 1024 in 256 ms 
180L +3.3V v 


Note: Letters L and S denote 3.3-volt and self-refresh devices, 
respectively. 


Advanced polycide technology using stacked capaci- 
tors minimizes silicon area and provides high storage 
cell capacity, high performance, and high reliability. A 
single-transistor dynamic storage cell and CMOS cir- 
cuitry throughout ensure minimum power dissipation 
while an on-chip circuit internally generates the nega- 
tive voltage substrate bias—automatically and trans- 
parently. 


The three-state I/O pins are controlled by UCAS and 
LCAS independent of RAS. After a valid read or read- 
modify-write cycle, upper or lower byte data is held on 
the outputs by maintaining UCAS or LCAS low. Data 
outputs return to high impedance when UCAS or LCAS 
goes high. Fast-page read and write cycles can be 
executed by cycling UCAS or LCAS. 


Refreshing may be accomplished by a CAS before RAS 
refresh cycle (CBR) that internally generates the re- 
fresh addresses. 


For the 4216/42S16, RAS only refresh cycles and normal 
read or write cycles on the 4096 address combinations 
Of Ao - Ay will refresh all memory locations. Bits Ag - Ay4 
are used for row and refresh addresses, Ag - A7 for 
column addresses. 
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uPD421x180/L, 42S1x180/L 
(x = 6, 7, 8) 

1,048,576 x 18-Bit 
Dynamic CMOS RAM 


For the 4217/4217, RAS only refresh cycles and normal 
read or write cycles on the 2048 address combinations 
Of Ao - Ajo will refresh all memory locations. Bits Ag - Ajo 
are used for row and refresh addresses, Ao - Ag for 
column addresses. 


For the 4218/42818, RAS only refresh cycles and normal 
read or write cycles on the 1024 address combinations 
Of Ao - Ag will refresh all memory locations. Bits Ag - Ag 
are used for row, refresh, and column addresses. 


The self-refresh mode is entered by holding RAS and 
CAS low for longer than 100 ys during a CBR cycle. 
Detection of this long RAS time starts an internal 
oscillator that maintains data integrity without exter- 
nal clocking. The slow refresh reduces the data hold 
current to less than 200 pA (+5 V) or 80 WA (+3.3 V). 
Self-refresh mode is used with microprocessors that 
have a “sleep mode” for low-power applications such 
as notebook PCs. 


Battery backup current Icc¢ is defined as the current 
consumption when the device is in standby mode (RAS 
2 Vec — 0.2 V) and very-slow (extended) CBR cycles 
are being performed. 


Features 


1,048,576 by 18-bit organization 

Single power supply: +5-volt or +3.3 volt 
Fast-page option 

Low-power operation 

Byte read/write contro! with UCAS and LCAS 
CAS before RAS refreshing 

Self-refresh option (slow internal automatic refresh) 
On-chip substrate bias generator 
TTL-compatible inputs and outputs 

Nonlatched three-state outputs 

Low input capacitance 

Multiplexed row and column addresses 

42-pin SOJ and 50/44-pin TSOP plastic packages 
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Pin Identification 


Name 
Ao-Aiy 
O,-VOrg 
LCAS, UCAS 
OE 

RAS 

WE 

GND 

Voc 

NC 


Function 

Address inputs 

Data inputs and outputs 

Column address strobes 

Output enable 

Row address strobe 

Write enable 

Ground 

+5-volt or +3.3-volt power supply 


No connection 


Pin Configurations 


42-Pin Plastic SOJ 


COON Oak ON = 


a ot 
-=a © 


nN a ee ee ee ee ee 9 
S8oanrvaanran 


* Pin 15 Is NC for 4217/42S17, 4218/42S18 
Pin 16 Is NC for 4218/42S18. 
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Pin Configurations (cont) 





50/44-Pin Plastic TSOP (Normal Pinouts) 50/44-Pin Plastic TSOP (Reverse Pinouts) 


uPD4216/42S16, 4217/42S17, 4218/42S18 pPD4216/42S16, 4217/42S17, 4218/42S18 


1 
2 
3 
4 
5 
6 
7 
8 
9 
10 
11 


* Pin 32 is NC for 4217/42S17, 4218/42S18 
Pin 31 Is NC for 4218/42S18. 


* Pin 19 Is NC for 4217/42S17, 4218/42S18 
Pin 20 Is NC for 4218/42S18. 


Suffix -7JF In the package Identifier 
denotes normal pinout sequence. 


Suffix —7KF In the package Identifier 
denotes reverse pinout sequence. 
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Block Diagram 


CAS Clock 
Generator 


Data VO Bus 
Sense Amplifier 


Refresh Address 
Counter 


Note: 4216/42S16: Ag-A14 


Multiplexer 


4217/42817: Ag-A19 


4218/42S18: Ag-Ag 





Address Butfer 


Row Decoder 





Truth Table 
Function RAS CCAS UCAS WE OE 1/04 - Og 049 - VO4g 
Standby H X X xX X High-Z High-Z 
Refresh cycle L H H X Xx High-Z High-Z 
Byte read cycle L L H H L Data output High-Z 
L H L H L High-Z Data output 
Word read cycle L L L H L Data output Data output 
Byte write cycle L L H L H Data input — 
L H L L H _— Data input 
Word write cycle L L L L H Data input Data input 
L L L H H High-Z High-Z 


X = don't care. 
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Ordering Information, ».PD4216180 (+ 5-volt power; 4096 refresh cycles) 


RAS Access Fast-Page Battery Backup 
Part Number Time (max) Cycle (max) Current (max) Package 
uPD4216180LE-50 50 ns 35 ns 350 vA 42-pin plastic SOU 
LE-60 60 ns 40 ns 
LE-70 70 ns 45 ns 
LE-80 80 ns 50 ns 
uUPD42161 80G5-50 50 ns 35 ns 350 uA 50/44-pin plastic TSOP (normal pinouts) 
G5-60 60 ns 40 ns 
G5-70 70 ns 45 ns 
G5-80 80 ns 50 ns 
UPD42161 80G5M-50 50 ns 35 ns 350 WA 50/44-pin plastic TSOP (reverse pinouts) 
G5M-60 60 ns 40 ns 
G5M-70 70 ns 45 ns 
G5M-80 80 ns 50 ns 


Ordering Information, ».PD4216180L (+ 3.3-volt power; 4096 refresh cycles) 





RAS Access Fast-Page Battery Backup 
Part Number Time (max) Cycle (max) Current (max) Package 
uUPD4216180LLE-A60 60 ns 40 ns 140 pA 42-pin plastic SOJ 
LE-A70 70 ns 45 ns 
LE-A80 80 ns 50 ns 
UPD42161 80LG5-A60 60 ns 40 ns 140 WA 50/44-pin plastic TSOP (normal pinouts) 
G5-A70 70 ns 45 ns 
GS5-A80 80 ns 50 ns 
uUPD42161 80LG5M-A60 60 ns 40 ns 140 WA 50/44-pin plastic TSOP (reverse pinouts) 
G5M-A70 70 ns 45 ns 
G5M-A80 80 ns 50 ns 





on 
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Ordering Information, ».PD42S16180 (+ 5-volt power; 4096 refresh cycles; self-refresh mode) 


RAS Access Fast-Page Battery Backup 
Part Number Time (max) Cycle (max) Current (max) Package 
uUPD42S161 80LE-50 an 50 ns 35 ns 350 uA 42-pin plastic SOJ 
LE-60 60 ns 40 ns 
LE-70 70 ns 45 ns 
LE-80 80 ns 50 ns 
uUPD42S161 80G5-50 50 ns 35 ns 350 A 50/44-pin plastic TSOP (normal pinouts) 
G5-60 60 ns 40 ns 
G5-70 70 ns 45 ns 
G@5-80 80 ns 50 ns 
UPD42S16180G5M-50 : 60ns 35 ns 350 pA 50/44-pin plastic TSOP (reverse pinouts) 
G5M-60 60 ns 40 ns 
G5M-70 70 ns 45 ns 
G5M-80 80 ns 50 ns 


Ordering Information, »PD42S16180L (+ 3.3-volt power; 4096 refresh cycles; self-refresh mode) 


RAS Access Fast-Page Battery Backup 
Part Number Time (max) Cycle (max) Current (max) Package 
uPD42S161 80LLE-A60 60 ns 40 ns 140 pA 42-pin plastic SOJ 
LE-A70 70 ns 45 ns | 
LE-A80 80 ns 50 ns 
uPD42S16180LG5-A60 60 ns 40 ns 140 pA 50/44-pin plastic TSOP (norma! pinouts) 
G5-A70 70 ns 45 ns | 
G5-A80 80 ns 50 ns 
uPD42S161 80LGS5M-A60 60 ns 40 ns 140 WA 50/44-pin plastic TSOP (reverse pinouts) 
G5M-A70 70 ns 45 ns 
G5M-A80 80 ns 50 ns 





ao 
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Ordering Information, .PD4217180 (+ 5-volt power; 2048 refresh cycles) 


RAS Access Fast-Page Battery Backup 
Part Number Time (max) Cycle (max) Current (max) Package 
uPD4217180LE-50 50 ns 35 ns 300 A 42-pin plastic SOJ 
LE-60 60 ns 40 ns 
LE-70 70 ns 45 ns 
LE-80 80 ns 50 ns 
uPD4217180G5-50 50 ns . 35 ns 300 yA 50/44-pin plastic TSOP (normal pinouts) 
G5-60 60 ns 40 ns 
G5-70 70 ns 45 ns 
G5-80 80 ns 50 ns 
UPD4217180G5M-50 50 ns 35 ns 300 pA 50/44-pin plastic TSOP (reverse pinouts) 
GS5M-60 60 ns 40 ns 
G5M-70 70 ns 45 ns 
G5M-80 80 ns 50 ns 


Ordering Information, ».PD4217180L (+ 3.3-volt power; 2048 refresh cycles) 


RAS Access Fast-Page Battery Backup 
Part Number Time (max) Cycle (max) Current (max) Package 
uPD4217180LLE-A60 60 ns 40 ns 120 pA 42-pin plastic SOJ 
LE-A70 70 ns 45 ns 
LE-A80 80 ns 50 ns 
uPD4217180LG5-A60 60 ns 40 ns 120 uA 50/44-pin plastic TSOP (normal pinouts) 
G5-A70 70 ns 45 ns 
G5-A80 80 ns 50 ns 
UPD4217180LG5M-A60 60 ns 40 ns 120 pA 50/44-pin plastic TSOP (reverse pinouts) 
G5M-A70 70 ns 45 ns 
GS5M-A80 80 ns 50 ns 





~J 
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Ordering Information, 1»PD42S17180 (+ 5-volt power; 2048 refresh cycles; self-refresh mode) 





RAS Access Fast-Page Battery Backup 
Part Number Time (max) Cycle (max) Current (max) Package 
uPD42S17180LE-50 50 ns 35 ns 300 pA 42-pin plastic SOJ 
LE-60 60 ns 40 ns 
LE-70 70 ns 45 ns 
LE-80 80 ns 50 ns 
uPD42S817180G5-50 50 ns 35 ns 300 yA 50/44-pin plastic TSOP (normal pinouts) 
G5-60 60 ns 40 ns 
G5-70 70 ns 45 ns 
G5-80 80 ns 50 ns 
uPD42S17180G5M-50 50 ns 35 ns 300 yA 50/44-pin plastic TSOP (reverse pinouts) 
G5M-60 60 ns 40 ns 
G5M-70 70 ns 45 ns 
G5M-80 80 ns 50 ns 





Ordering Information, »PD42S17180L (+ 3.3-volt power; 2048 refresh cycles; self-refresh mode) 


RAS Access Fast-Page Battery Backup 
Part Number Time (max) Cycle (max) Current (max) Package 
uUPD42S17180LLE-A60 60 ns 40 ns 120 pA 42-pin plastic SOJ 
LE-A70 70 ns 45 ns 
LE-A80 80 ns 50 ns 
uPD42S17180LG5-A60 60 ns 40 ns 120 pA 50/44-pin plastic TSOP (normal pinouts) 
G5-A70 70 ns 45ns 
G5-A80 80 ns 50 ns 
uPD42S17180LG5M-A60 60 ns 40 ns 120 pA 50/44-pin plastic TSOP (reverse pinouts) 
G5M-A70 70 ns 45 ns 
G5M-A80 80 ns 50 ns 


oO 
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Ordering Information, ».PD4218180 (+ 5-volt power; 1024 refresh cycles) 


RAS Access Fast-Page Battery Backup 
Part Number Time (max) Cycle (max) Current (max) Package 
pPD4218180LE-50 50 ns 35 ns 250 pA 42-pin plastic SOJ 
LE-60 60 ns 40 ns 
LE-70 70 ns 45 ns 
LE-80 80 ns 50 ns 
UPD42181 80G5-50 50 ns 35 ns 250 pA 50/44-pin plastic TSOP (normal pinouts) 
G5-60 60 ns 40 ns 
G5-70 70 ns 45 ns 
G5-80 80 ns 50 ns 
UPD4218180G5M-50 50 ns 35 ns 250 pA 50/44-pin plastic TSOP (reverse pinouts) 
G5M-60 60 ns 40 ns 
G5M-70 70 ns 45 ns 
G5M-80 80 ns 50 ns 


Ordering Information, ».PD4218180L (+ 3.3-volt power; 1024 refresh cycles) 


RAS Access Fast-Page Battery Backup 
Part Number Time (max) Cycle (max) Current (max) Package 
uPD4218180LLE-A60 60 ns 40 ns 110 pA 42-pin plastic SOJ 
LE-A70 70 ns 45 ns 
LE-A80 80 ns 50 ns 
uUPD4218180LG5-A60 60 ns 40 ns 110 pA 50/44-pin plastic TSOP (normal pinouts) 
G5-A70 70 ns 45 ns 
G5-A80 80 ns 50 ns 
UPD4218180LG5M-A60 60 ns 40 ns 110 pA 50/44-pin plastic TSOP (reverse pinouts) 
G5M-A70 ' 70 ns 45 ns 
G5M-A80 80 ns 50 ns 
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Ordering Information, ».PD42S18180 (+ 5-volt power; 1024 refresh cycles; self-refresh: mode) 


RAS Access Fast-Page . Battery Backup 
Part Number Time (max) . Cycle (max) Current (max) Package 
uPD42S18180LE-50 50 ns 35 ns 250 yA 42-pin plastic SOJ 
LE-60 60 ns 40 ns 
LE-70 70 ns 45 ns 
LE-80 80 ns 50 ns 
UPD42S18180G5-50 50 ns 35 ns 250 pA 50/44-pin plastic TSOP (normal pinouts) 
G5-60 60 ns 40 ns 
G5-70 70 ns 45 ns 
G5-80 80 ns 50 ns 
uPD42S18180G5M-50 50 ns 35 ns 250 yA 50/44-pin plastic TSOP (reverse pinouts) 
G5M-60 60 ns 40 ns 
G5M-70 70 ns 45 ns 
G5M-80 80 ns 50 ns 





Ordering Information, »PD42S18180L (+ 3.3-volt power; 1024 refresh cycles; self-refresh mode) - 


RAS Access Fast-Page Battery Backup 
Part Number Time (max) Cycle (max) Current (max) Package 
uUPD42S18180LLE-A60 60 ns 40 ns 110 pA 42-pin plastic SOJ 
LE-A70 70 ns 45 ns 
LE-A80 80 ns 50 ns 
UPD42S18180LG5-A60 60 ns 40ns 110 pA 50/44-pin plastic TSOP (normal pinouts) 
G5-A70 70 ns 45 ns 
G5-A80 80 ns 50 ns 
UPD42S18180LG5M-A60 60 ns 40 ns 110 uA 50/44-pin plastic TSOP (reverse pinouts) 
G5M-A70 70 ns 45 ns 
G5M-A80 80 ns 50 ns 
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Absolute Maximum Ratings Capacitance 


Voltage on any pin relative to GND Re Cte IM 


5-volt devices _ =1.0 to +7.0V Parameter Symbol Max Unit Pins Under Test 
SS NOUS OCC tg Se Input capacitance Cy, 5 pF Addresses 
Operating temperature, Topp 0 to +70°C Cp —«7~—=«#pF._ LAS, UCAS, WE, OE, RAS 
Storage temperature, ToTg ~—55 to + 125°C inpuffoutput Co ~=«7~«SO~pF VO\-VOyp 
Short-circuit output current, log 50 mA capacitance 
Power dissipation, Pp 1.0W 





Exposure to Absolute Maximum Ratings for extended periods may 
affect device reliability; exceeding the ratings could cause perma- 
nent damage. The device should be operated within the limits 
specified under DC and AC Characteristics. 


Recommended Operating Conditions 





5-Volt Devices 3.3-Volt Devices 
Parameter Symbol Min Typ Max Min Typ Max Unit 
Input voltage, high Vin 2.4 Voo + 1.0 2.0 Veco + 0.3 Vv 
Input voltage, low Vit -1.0 0.8 -0.3 0.8 Vv 
Supply voltage Voc 4.5 5.0 5.5 3.0 3.3 3.6 V 
Ambient temperature Ta 0 70 0 70 °C 





Self-Refresh Current; 42S1x Devices 
Ta = Oto +70°C; Vog = +5V £10% or +3.3V +0.3V 


Symbol 5-Volt Devices 3.3-Voit Devices Conditions 


loc7 200 WA max 80 uA max VO pins: Vin = Voc -0.2 V; Vi_ = 0.2 V or 
open. Other input pins: Vi = Voc -0.2 V; Vit 
<= 0.2 V or open; tras 2 100 ps 











DC Characteristics; 5-Volt Devices 
Ta = Oto +70°C; Voog = +5.0 V £10% 








Parameter Symbol Min Typ Max Unit Test Conditions 
Standby current loce 2.0 mA RAS = CAS = Vy (min); lo = OMA 
400 yA RAS = CAS = Voc —0.2 V; lo = OmA 
Input leakage current hy -10 10 MA Vin = 0 V to Voc; all other pins not under test = 0V 
Output leakage current low) -10 10 HA DouT disabled; Vout = OV toVocc 
Output voltage, low Vor 0.4 V lo. = 4.2mA 
Output voltage, high Vou 2.4 Vv loy = -S mA 
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DC Characteristics; 3.3-Volt Devices 
Ta = 0 to +70°C; Vog = +3.3V £0.3V 


Parameter Symbol Min Typ 
Standby current Ioce 

Input leakage current hay -10 

Output leakage current low ~10 

Output voltage, low VoL 

Output voltage, high Vou 2.4 


DC Current Requirements; 5-Volt Devices 


Parameter Symbol -50 -60 
Operating current loc 
4216/42S16 120 110 
4217/42S17 140 130 
4218/42S18 190 180 
Refresh current (RAS only —Iogg 
refresh) 
4216/42S16 120 110 
4217/42S17 140 130 
4218/42S818 190 180 
Operating current (Fast- loca 
page mode) 
4216/42S16 100 90 
4217/42S17 100 90 
4218/42S18 100 90 
Refresh current (CAS loos 
before RAS refresh) 
4216/42S16 120 110 
4217/42S17 140 130 
4218/42S18 190 180 
Battery backup current loce 


(Standby with CAS 
before RAS refresh) 
tras = 300 ns 


42816 350 
42817 300 
42818 250 


Max Unit 
2.0 mA 
400 HA 
10 uA 
10 uA 
0.4 Vv 
Vv 
-70 -80 
100 90 
120 110 
170 160 
100 90 
120 110 
170 160 
80 70 
80 70 
80 70 
100 90 
120 110 
170 160 
tras = 1 ms 
500 
400 
300 


NEC 


Test Conditions 

RAS = CAS = Vyy (min); lp = OMA 

RAS = CAS = Voc - 0.2 V; lo = OMA 

Vin = 0 V to Voc; all other pins not under test = OV 
Dout disabled; Voyt = OV to Veco 


lol = 2.0mA 
low = -2.0mA 
Unit Test Conditions 


mA RAS, CAS cycling; tac = trac (min); lp = 0 mA 
mA 
mA 


mA RAS cycling; CAS = Vyy (min); tao = tac 
a (min); lo = OmA 


mA 


mA CAS cycling; RAS < Vy, (max); tpg = tpg (min); 
mA lo= OmA 


mA 


mA RAS cycling; tag = tac (min); lp = OMA 
mA 
mA 


Standby: RAS = Voc - 0.2 V; 

RAS, CAS:0V s Vy $0.2 V,Voc-02V s 
Vin = Vin (max); 

WE, OE: Viy; Address: don't care; Output: open 


UA CAS before RAS refresh: 4096 cycles, 256 ms 
LA CAS before RAS refresh: 2048 cycles, 256 ms 
CAS before RAS refresh: 1024 cycles, 256 ms 
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DC Current Requirements; 3.3-Volt Devices 








Parameter Symbol -A60 -A70 -A80 Unit Test Conditions 
Operating current lect 
4216/42816 100 90 80 mA RAS, CAS cycling; tao = tac (min); lop = 0 mA 
4217/42S17 120 110 100 mA 
4218/42S18 170 160 150 mA 
Refresh current (RAS only loos 
refresh) 
4216/42S16 100 90 80 mA RAS cycling; CAS = Vin (min); tac = tao (min); 
4217/42S17 120 110 100 mao = OMA 
4218/42S18 170 160 150 mA 
Operating current (Fast- loca 
page mode) 
4216/42S16 80 70 60 mA CAS cycling; RAS < Vj, (max); tpg = tpo (min); 
4217/42817 80 70 60 mao OMA 
4218/42S18 80 70 60 mA 
Refresh current (CAS locos 
before RAS refresh) 
4216/42S16 100 90 80 mA RAS cycling; tag = tac (min); lp = OMA 
4217/42S17 120 110 100 mA 
4218/42S18 170 160 150 mA 
Battery backup current loce Standby: | RAS = Voc - 0.2 V; 
(Standby with CAS RAS, a OV s Vy. $0.2V,Voc-02V s 
before RAS refresh) Vin = Vin (max); 
tras <= 300 ns tras = 14s WE, OE: Mie Address: don't care; Output: open 
42816 140 140 MA CAS before RAS refresh: 4096 cycles, 256 ms 
42817 120 120 yA =e S before RAS refresh: 2048 cycles, 256 ms 


42818 110 110 HA CAS before RAS refresh: 1024 cycles, 256 ms 





pPD421x180/L, 42S1x180/L. 


AC Characteristics 


Ta = 0 to +70°C; Voc = +5.0 V £10% (-50, -60, -70, -80) of +3.3 V +0.3 V (-A6O, -A70, -A80) 
-80, -A80 


Parameter 


Access time from column 
address 


Access time from CAS 
precharge (rising edge) 


Column address setup 
time 


Row address setup time 


Column address to WE 
delay time 


Access time from CAS 
(falling edge) 


Column address hold 
time 


CAS pulse width 


CAS hold time for CAS 
before RAS refresh cycle 


CAS hold time (CBR self- 
refresh mode) 


CAS to output in low-Z 


Fast-page CAS precharge 
time 


CAS precharge time 


Fast-page CAS precharge 
to WE delay time 


CAS to RAS precharge 
time 


CAS hold time 


CAS setup time for CAS 
before RAS refresh cycle 


CAS to WE delay 


Write command 
referenced to CAS lead 
time 


Data-in hold time 
Data-in setup time 


Masked write hold time 
referenced to RAS 


Access time from OE 


»,. OE data delay time 


GE command hold time 


OE to RAS inactive setup 
time 


Output turnoff delay from 
OE 
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Symbol 


taa 


tace 


tasc 


tasr 
tawp 


toac 


tcAH 


tcas 
tcHR 


tcHs 


toLz 
top 


topn 
tcpwo 


torP 


tosH 
tcosr 


tcwb 
tow. 


tbH 
tos 
tMRH 


toEA 
toED 
tOEH 
toEs 


toEz 


10 


-50 


Max 
25 


30 


13 


10,000 


13 


10 
60 


60 


38 
15 


10 


13 


~60, -A60 
’Min 


Max 
30 


35 


10,000 


15 


13 


60 


15 


18 


~50 


15 


15 


15 


-70, -A70 
Min 


Max 
35 


40 


10,000 


18 


15 


Min 


65 


15 


20 
10 


10 
70 


80 


45 
15 


15 


15 


Max 
40 


45 


20 


10,000 


20 


15 


Unit 


ns 


ns 


ns 


ns 


ns 


ns 


ns 


ns 


ns 


ns 


ns 


ns 


ns 


ns 


ns 


ns 


ns 


ns 


ns 


ns 
ns 


ns 


ns 
ns 
ns 


ns 


ns 


NEC 


Test Conditions 
(Notes 7, 8) 


(Note 7) 


(Note 15) 


(Notes 7, 8) 


(Note 16) 


(Note 7) 


(Note 14) 


(Note 10) 


(Note 15) 


(Note 13) 
(Note 13) 


(Notes 3, 4, 7, 8) 


(Note 9) 


NEC 


AC Characteristics (cont) 


Parameter 


Output disable from CAS 


high 
OE to output in low-Z 


Fast-page read or write 
cycle time 


Fast-page read-modify- 
write cycle time with 
extended data output 


Access time from RAS 


RAS to column address 
delay time 


Row address hold time 


Column address lead 


time referenced to RAS - 


(rising edge) 
RAS pulse width 


Fast-page RAS pulse 
width 


RAS pulse width (CBR 
self-refresh mode) 


Random read or write 
cycle time 


RAS to CAS delay time 


Read command hold time 


referenced to CAS 


Read command setup 
time — 


Refresh period 
4216 
4217 
4218 
42816 
42S17 
42818 


RAS hold time referenced 


to CAS precharge 
RAS precharge time 


RAS precharge CAS hold 


time 


RAS precharge time 
(CBR self-refresh mode) 


Read command hold time 


referenced to RAS 
RAS hold time 


Read-modify-write cycle 
time 


Symbol 


torr 


toLz 
tpc 


tpawc 
trac 
tRaD 
tRAH 
tRAL 
tRas 
trRasp 
trass 
tac 


trop 
tRCH 


traces 


tREF 


tRHCP 


tRec 
taps 
tRRH 


tRSH 
tawe 


Min 


35 


80 


13 


25 


50 


50 


100 


90 


18 


30 


30 


90 


13 
140 


-50 
Max 
10 


50 
25 


10,000 
125,000 


32 


64 

32 

16 
256 
256 
206 


-60, -A60 
Min Max 
0 13 

0 
40 
85 
60 
15 30 
10 
30 
60 10,000. 
60 125,000 
100 
110 
20 45 
0 
0 
64 
32 
16 
256 
256 
256 
35 
40 
5 
110 
0 
15 
160 


-70, -A70 
Min Max 
0 15 

0 
45 
90 
70 
15 35 
10 
35 
70 10,000 
70 125,000 
100 
130 
20 50 
0 
0 
64 
32 
16 
256 
256 
256 
40 
50 
5 
130 
0 
18 
180 


pPD421x180/L, 42S1x180/L 


-80, -A80 
Min Max 
0 15 

0 
50 
100 
80 
17 40 
12 
40 
80 10,000 
80 125,000 
100 
150 
25 60 
(@) 
0 
64 
32 
16 
256 
256 
256 
45 
60 
5 
150 
(0) 
20 
200 


Unit 


ns 


ns 


ns 


ns 


ns 


ns 


ns 


ns 


Us 


ns 


ns 


ns 


ns 


ms 


ms 


ms 
ms 


ns 


ns 


ns 


ns 


ns 


ns 


ns 


Test Conditions 
(Note 9) 


(Note 7) 
(Note 6) 


(Note 6) 


(Notes 7, 8) 
(Note 8) 


(Note 16) 


(Note 6) 


(Note 8) 
(Note 11) 


(Note 16) 


(Note 11) 


(Note 6) 
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AC Characteristics (cont) 








-50 -60, -A60 -70, -A70 -80, -A80 

Parameter Symbol Min’ Max Min Max Min Max Min Max _ Unit Test Conditions 
RAS to WE delay tawp 70 83 95 105 ns _—_ (Note 15) 

Write command taWL 18 20 20 20 ns 

referenced to RAS lead 
time 

Rise and fall transition tr 3 50 3 50 3 50 3 50 ns 
time 
Write command hold tweou 8 10 10 15 ns (Note 12) 
time 
Write command setup twos 0 0 0 0 ns (Note 14) 
time 
Write command pulse twp 8 10 10 15 ns (Note 12) 
width 
Notes: 

(1) All voltages are referenced to GND. (9) torr (max) and toez (max) define the time at which the outputs 


(2) Aninitial pause of 100 ps is required after power-up, followed by become open-circuit and are not referenced to Vox oF VoL. 


eight refresh cycles (RAS only or CBR) before proper device (10) The topp requirement should be applicable for RAS/CAS cycles 
operation is achieved, preceded by any cycle. 


(8) Ioc1, loos: loca, and logs depend on output loading and cycle (11) Either tary or tacy must be satisfied for a read cycle. 
rates. Specified values are obtained with the output open. Iocg 
is measured assuming that all column address inputs are held at 
either a high level or a low level during RAS-only refresh cycles. ee 
loca is measured assuming that all column address inputs are _—« (13) These parameters are referenced to the leading edge of CAS in 
switched only once during each fast-page cycle. early write cycles and to the leading edge of WE in late write or 

read-modify-write cycles. 


(12) Parameter twp is applicable for a late write cycle. For early write 
cycles, twop must be met. 


(4) Ac measurements assume ty = 5Sns. 
(14) If twos 2 twcs (min), the cycle is an early write cycle and the 


(5) Vin (min) and Vi, (max) are reference levels for measuring the data I/O pins will remain open-circuit throughout the entire cycle. 


timing of input signals. Transition times are measured between 
Vin and Vi. (15) !f tewo = towp (min), tawp = tawo (min), and tawp = tawo 
(min), then the cycle is a read-write cycle and the data I/O pins 
will contain data read from the selected cells. If neither of the 
above conditions is met, the condition of the data I/O pins (at 
access time and until CAS returns to Vj) is indeterminate. 


(6) The minimum specifications are used only to indicate the cycle 
time at which proper operation over the full temperature range 
(Ta= 0 to +70 °C) is assured. 


(7) Load = 2TTL (-1 mA, +4 mA) loads and 100 pF. (16) Parameter is applicable only to self-refresh versions. 


(8) Iftrcp = trcp (max) and trap = trap (max), access time is (47) with burst CBR, RAS only, or external RAS/CAG, all addresses 


defined by trac (max). kage : must be refreshed before entering self-refresh mode and after 
If trop 2 tacp (max), access time is defined by toac (max). exiting. 


If tpap 2 trap (max), access time is defined by ta, (max). 
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Timing Waveforms 


Word Read Cycle 


VO1- 01g 
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Timing Waveforms (cont) 


Byte Read Cycle 


High Impedance 


Kelacraervcennsh 


High impedance 


Note: 


[1] Nonactive CAS = Vix, 
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N. KE Cc yPD421x180/L, 42S1x180/L 


Timing Waveforms (cont) 


Word Early-Write Cycle 


VO1-VO4g 


Note: 
[1] OE =don'tcare. 








pPD421x180/L, 42S1x180/L N. KE C 


Timing Waveforms (cont) 


Byte Early-Write Cycle 


VO19 - VO1g 


Notes: 
[1] Nonactive CAS = Vijy, 


[2] OE = don'tcare. 
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N: E C pPD421x180/L, 42S1x180/L 


Timing Waveforms (cont) 


Word Late-Write Cycle 
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pPD421x180/L, 42S1x180/L NV KE C 


Timing Waveforms (cont) 


Byte Late-Write Cycle 


XK) 


OKA) 





[1] Nonactive CAS = Viz, 


N KE c pPD421x180/L, 42S1x180/L 


Timing Waveforms (cont) 


Word Read-Modify-Write Cycle 


ASC 
taSR tRAH 


ae —————————————E 


tcac 


| 
tRAC 
| 
toLz nis 


tcLz tDH 


= IN. 
a 





pPD421x180/L, 42$1x180/L N: KE Cc 


Timing Waveforms (cont) 


Byte Read-Modify-Write Cycle 


J Data Input } 


YO10 - YO1g 


High Impedance 


Note: 
[1] Nonactive GAS = Viy. 





NV. KE C yuPD421x180/L, 42S1x180/L 


Timing Waveforms (cont) 


Word Fast-Page Read Cycle 


tpc 
trop ——><- tcas > top 


\ 
tec 
tacp-—>}<- tcas —> top 


N la 


tcSH 


tRAH tRAL 
. tCAH tasc tCAH 
tasA tasc tasc tcAH 





tRAD 


KX) +9 XXX) 79.009 KKIXEKK) 
nacre XXL Rom IXY cota XXX WE _courn2 XXX comm _ KX) 
trcs 


tRCH > | tRCH 


VO1-VO1g 
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pPD421x180/L, 42S1x180/L 


Timing Waveforms (cont) 


Byte Fast-Page Read Cycle 


tpc 
taco-——><- tcas > 


VO49 - VOig 


Note: 
[1] Nonactive CAS = Viy. 
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NEC 





N: KE Cc puPD421x180/L, 42S1x180/L 


Timing Waveforms (cont) 


Word Fast-Page Early-Write Cycle 


N 


tRAD 


a tCAH tasc tCAH 
tasc tasc 


. ] 
AA) 4,9, (KAKA) AAAKA/ AAAAAAAAS 
Xo Per KX) Keven REN comms UN) see RON) 


vias ces tCwL 


on . OO 


ra’ A 


Note: 
[1] OE = don't care. 
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puPD421x180/L, 42S1x180/L NV. KE Cc 


Timing Waveforms (cont) 


Byte Fast-Page Early-Write Cycle 





101-¥oe OO AY a 


babe Yn math emhdrack duh \ub du Sunk ak anh rank dual rok Yak nk duck rane rua uae aach Yuak \rarh Aaah alk end ark ru sande ok road urah Nunc ach rth Sh Nua Naar Seach raath naa nuih Surch ck Yeah rock ean ech anh rank ak Nrack rud rwrah Neneh Sarih adh Aerahedoae’ 


010 - VOig 
Notes: 


[1] Nonactive CAS = Vj, 
[2] OE = don'tcare. 
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NV KE Cc pPD421x180/L, 42S1x180/L 


Timing Waveforms (cont) 


Word Fast-Page Late-Write Cycle 
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pPD421x180/L, 42S1x180/L N EE Cc 


Timing Waveforms (cont) 


Byte Fast-Page Late-Write Cycle 


(X) (XK? CAA) 
oor mo 


KAKA? 
Me We eK 


XKXKKAKAKKAKAKAKA? CAKAKKX? 
GCC CCUM NNNOE 


CAKAKAK? 
OX 





30 


Timing Waveforms (cont) 


Byte Fast-Page Read/Write Cycle 


t ASR > haa tasc 
X 49 WON 
raimss rom WAXMAN 


) XX XY) 
| | tRWD LL twos 
tacs | tow. > tcw.-——> 


“TT, NA 


tcwo 
tawp 


uPD421x180/L, 42S1x180/L 
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pPD421x180/L, 42S1x180/L NV. E C 


Timing Waveforms (cont) 


Word Fast-Page Read-Modify-Write Cycle 


LLL) 


Wnite-per-bit 
function 
not shown 


VO4 - VO1g 
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NV: EK C pPD421x180/L, 42$1x180/L 


Timing Waveforms (cont) 


Byte Fast-Page Read-Modify-Write Cycle 


trasp 






XN na KAKAXKKA AAKAKAY CXXXAKAKKAKK) XXXAKAKKAKAKKAKN 
pee DOKL colt ROXAS WON oR SN Soe cote KKK KRY 






(X DLN AAA AL, 














i" tRWD——>| oa lige i TI tcpwo | tRWL 
ACS tCWL tcwL: tCWL << 
“TD e ¥ 
<— towp tcwbD <—tcwp 
Write-per-bit ‘AWD l tawD tawD 
Anton trcs trcs 
not shown a | ee | a 
| tOEA | toEA | tOEA 
oa # He F | i I 
Vou- 
9 | ViH- 
Vit RO POMOC Nnrnrren 
VOH- 
VoL- 
VO%0- 
VO1g 
VIH- 
Vit- 








HPD421x180/L, 42S1x180/L 


Timing Waveforms (cont) 


Hidden-Refresh Cycle (Word Read Cycle) 


= = 


Fa lon 





NV. E Cc yPD421x180/L, 42S1x180/L 


Timing Waveforms (cont) 


Hidden-Refresh Cycle (Word Write Cycle) 


tRAH 


tasc 
el), Gees (1), 
twos 








pPD421x180/L, 42$1x180/L NE C 


Timing Waveforms (cont) 


Hidden-Refresh Cycle (Byte Write Cycle) 


= 





' EC pPD421x180/L, 42S1x180/L 


-zang Waveforms (cont) 


RAS-Only Refresh Cycle 


MLL 
ramen AIL 


ye elther UGAS « ‘AS or LCAS In Input is held 
Pad spreaipie RAS ranation Ww, the 
-chip CBR refre ie enetiod 
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pPD421x180/L, 42S1x180/L 


Timing Waveforms (cont) 


CBR Selt-Refresh Cycle 


NEC 








DRAM Modules 
256K/512K x n 


Rambus 





Application Notes 





NEC 


DRAM Modules (256K/512K x n) 


Section 9 

DRAM Modules (256K/512K x n) 

MC Organization Features 
-42256AB 8 256K x 8 Fast-page 9a 
-42256AB 9 256K x 9 Fast-page 9b 
-42256A32 256K x 32 Fast-page Qc 
-42256A36 256K x 36 Fast-page 9d 
-42256AA40 256K x 40 Fast-page 9e 
-42512A32 512K x 32 Fast-page Of 
-42512A36 512K x 36 Fast-page 9g 
-42512AA40, 512K x 40 Fast-page 9h 


-42512AB 40 


NEC MC-42256AB8 
262,144 x 8-Bit 


NEC Electronics Inc. Dynamic CMOS RAM Module 
Description Pin Configurations 
The MC-42256AB8 is a 262,144-word by 8-bit DRAM 30-Pin Socket-Mountable SIMM EA 


module designed to operate from a single +5-volt 
power supply. The module is a 30-pin socket-mountable 
Single Inline Memory Module (SIMM™) containing two 
UPD424256LA DRAMS (256K x 4). 


The MC-42256AB8 is functionally equivalent to eight 
HPD42256 standard 256K x 1 DRAMs. Refreshing is 
accomplished by RAS-only refresh cycles, hidden re- 
fresh cycles, CAS before RAS refresh cycles, or by 
normal read or write cycles on the 256 address combi- 
nations of Ag - Ag during a 4-ms period. 


Features 


262,144-word by 8-bit organization 

Single +5-volt power supply 

Standard 30-pin SIMM packaging 

Two 256K x 4 DRAMs 

Two power supply decoupling capacitors 

Low power dissipation of 16.5 mW max (standby) 
TTL-compatible inputs and outputs 

256 refresh cycles every 4 ms 

Fast-page mode capability 


gooadeanoaouankadd 


SIMM is a trademark of Wang Laboratories. 





Ordering Information 











Part Number Access Time (max) Package Height Thickness DRAMs 
MC-42256AB8BA-60 60 ns 30-pin socket-mountable 16.8 mm 5.08 mm Two uPD424256LA 
BA-70 70 ns ; SIMM (solder plating) (0.661 inch) (0.200 inch) 
BA-80 80 ns 
BA-10 100 ns 
MC-42256AB8FA-60 60 ns 30-pin socket-mountable 
FA-70 70 ns Soe SIMM (gold plating) 
FA-80 80 ns 
FA-10 100 ns 


60235 


MC-42256AB8 


NEC 





Connection Diagram 


> 
oO 
oa 


Ble 
adie 


EF 


OE .pn424256 
256K x 4 DRAM 


OE pn424e5e 
256K x4 DRAM 


VO, 

VOo 
VO3 
YO4 





Pin Identification 


Name Function 

Ao - Ag Address inputs 

CAS Column address strobe 

VO, - 0g Common data inputs/outputs 
RAS Row address strobe: 

WE Write eriable 

GND Ground 

Voc +5-volt power supply 

NC’ No connection 





Absolute Maximum Ratings 


Voltage on any pin relative. to GND -1.0 to +7.0V 
Operating temperature, Topr Oto +70°C 
Storage temperature, Tst¢ -55 to + 125°C 
Short-circuit output current, log 50 mA 


Power dissipation, Pp 2.0 W 


Exposure to Absolute Maximum Ratings for extended periods may 
affect device.reliability; exceeding the ratings could cause perma- 
nent. damage. The device should be operated within the limits 
specified under DC and AC Characteristics. 


Recommended Operating Conditions 
Parameter Symbol Min Typ Max Unit 





Input voltage, high Vin 2.4 Voc + 1.0 Vv 

Input voltage, low Vit » -1.0 0.8 V 

Supply voltage Voc 45 5.0 5.5 Vv 

Ambient temperature Ty 0 70 °C 

Capacitance 

Ta = 25°C; f = 1 MHz 

Parameter Symboi Max Unit Pins Under Test 

Input capacitance Cy 70 pF —Ag- Ag, RAS, 
CAS, WE 

input/output - Cyo 10 pF VO, - ¥Og 


capacitance 





NEC 


DC Characteristics 


Ta = 0 to +70°C; Veg = +5.0V +10%; GND = OV 


MC-42256AB8 








Parameter Symbol Min Typ Max Unit Test Conditions 
Supply voltage Voc 4.5 5.0 5.5 Vv 
Input voltage, high Vin 2.4 Voc + 1.0 V 
Input voltage, low Vit -1.0 0.8 V 
Standby current loce 4 mA RAS = CAS > Viy 

2 mA RAS = CAS = Veo -0.2V 
Input leakage current he -20 20 HA For Ag - Ag, RAS, CAS, WE: Viy = 0 to 5.5 V; 

other pins = OV 
Output leakage current lo -10 10 LA For /O4 - /Og and Dour disabled; 
Vout = 0to 5.5V 
Output voltage, low VoL 0 0.4 V louT = 4.2mA 
Output voltage, high Vou 2.4 Voc V louT = -5 mA 
AC Characteristics 
Ta = 0 to + 70°C; Voc = +5.0 V £10% 
-60 ~-70 ~80 -10 

Parameter Symbol Min Max Min Max Min Max Min Max Unit Test Conditions 
Operating current, lect 180 160 140 120 mA __ RAS, CAS cycling; 
average tac = tro min (Note 5) 
Operating current, loca 180 160 140 120 mA __ RAS cycling; CAS = Vip; 
RAS- only refresh cycle, tac = tro min (Note 5) 
average 
Operating current, loca 160 140 120 100 mA RAS = Vy; CAS cycling; 
fast-page cycle, average tpc = tpc min (Note 5) 
Operating current, loos 180 160 140 120 mA _ RAS cycling; CAS before 
CAS before RAS refresh RAS; tro = tro min 
cycle, average (Note 5) 
Access time from taa 30 35 45 50 ns (Notes 7, 10, 11) 
column address 
Access time from CAS tacp 35 40 45 55 ns (Notes 7, 11) 
precharge (rising edge) 
Column address hold tar N/A N/A 60 70 ns 
time referenced to RAS 
Column address tasc 0 0 0 20 0 20 ns (Note 11) 
setup time 
Row address setup time tasr e) 0 0 0 ns 
Column address to WE tawp 30 35 45 50 ns____ (Note 18) 
delay time 
Access time from CAS tcoac 20 20 20 25 ns (Notes 7, 9, 10, 11) 
(falling edge) 
Column address tcaH 15 17 20 20 ns 
hold time 
CAS pulse width tcoas 20 10,000 20 10,000 20 10,000 25 10,000 ns 
CAS hoid time for CAS tour 15 15 15 20 ns 


before RAS refresh cycle 


ies) 


MC-42256AB8 


AC Characteristics (cont) 





-60 ~70 ~80 ~10 
Parameter Symbol Min Max Min Max Min Max Min Max Unit Test Conditions 
CAS precharge time, fast- top 10 10 10 20 10 25 ns (Note 11) 
page cycle 
CAS precharge time, topn 10 10 10 10 ns 
nonpage cycle 
CAS to RAS torp 10 10 10 10 ns _—_ (Note 14) 
precharge time 
CAS hold time tosH 60 70 80 100 ns 
CAS setup time for CAS tosr 10 10 10 10 ns 
before RAS refresh cycle 
CAS to WE delay towpo 20 20 20 25 ns __ (Note 18) 
Write command to tow. 15 15 15 20 ns 
CAS lead time 
Data-in hold time tou 15 15 20 20 ns (Note 17) 
Data-in hold time tpHR N/A N/A 60 70 ns 
referenced to RAS 
Data-in setup time tps ce) ns (Note 17) 
Output buffer torr 15 15 20 25 ns (Note 12) 
turnoff delay 
Fast-page cycle time tpo 40 45 50 60 ns (Note 6) 
Access time from RAS trac 60 70 80 100 ns _—_ (Notes 7, 8) 
RAS to column address trap 15 30 15 35 17 35 17 50 ns (Note 10) 
delay time 
Row address hold time tRAH 10 10 12 12 ns 
Column address lead tRaL 30 35 45 ‘50 ns 
time referenced to RAS 
(rising edge) 
RAS pulse width tras 60 10.000 70 10,000 80 10,000 100 10,000 ns 
RAS pulse width, trasp 60 10,000 70 100,000 80 100,000 100 100,000 _ ns 
fast-page cycle 
Random read or write tro 120 130 160 190 ns _— (Note 6) 
cycle time 
RAS to CAS delay time trop 20 40 20 50 25 60 25 75 ns (Note 13) 
Read command hold time = tacy ie) 0 0 0 ns (Note 15) 
referenced to CAS 
Read command tacs ie) 0 0 0 ns 
setup time 
Refresh period treF 4 4 4 4 ms Addresses Ag - Ag 
RAS precharge time trp 50 60 70 80 ns 
RAS precharge CAS tapc 10 10 0 ¢) ns 
hold time 
Read command holdtime — tary 10 10 10 10 ns (Note 15) 
referenced to RAS 
RAS hold time trsH 20 20 20 25 ns 
Read-write cycle time tawe 145 155 190 225 ns (Note 6) 
RAS to WE delay tawo 60 70 80 100 ns _ (Note 18) 


NEC 


NEC 


MC-42256AB8 





AC Characteristics (cont) 








Min’ Max Min Max _— Unit 


~80 -10 








Parameter Symbol Min Max Min Max Test Conditions 
Write command to tAWL 20 20 25 30 ns 

RAS lead time 

Rise and fall tr 3 50 3 50 3 50 3 50 ns (Note 4) 
transition time 

Write command twcoH 15 15 15 20 ns 

hold time 

Write command hold tweor N/A N/A 55 70 ns 

time referenced to RAS 

Write command twes 0 0 0 0 ns (Note 18) 
setup time 

Write command twp 15 15 15 20 ns (Note 16) 
pulse width 

Notes: 


(1) 
(2) 


(3) 
(4) 


(5) 


(6) 


(8) 


(9) 
(10) 
(11) 


(12) 


All voltages are referenced to GND. 


An initial pause of 100 ys is required after power-up, followed by 
any eight RAS cycles, before proper device operation is 
achieved. 


Ac measurements assume ty = Sons. 


Vin (min) and Vi, (max) are reference levels for measuring the 
timing of input signals. Transition times are measured between 
Vin and Viz. 


loca loos: loca, and Iocs depend on output loading and cycle 
rates. Specified values are obtained with the output open. Ioc3 
is measured assuming that all column address inputs are held at 
either a high level or a low level during RAS-only refresh cycles. 
loca is measured assuming that all column address inputs are 
switched only once during each fast-page cycle. 


The minimum specifications are used only to indicate the cycle 
time at which proper operation over the full temperature range 
(Ta = 0 to + 70°C) is assured. 


Load = 2 TTL {(-1 mA, +4 mA) loads and 100 pF. 


Assumes that tacp = tacp (max) and trap <= trap (max). If 
trep OF trap is greater than the maximum recommended value 
in this table, taac increases by the amount that taop or trap 
exceeds the value shown. 


Assumes that tacp = tracp (max) and trap = trap (max). 
lf trap = trap (max), then the access time is defined by tag. 


torr (max) defines the time at which the output achieves the 
open-circuit condition and is not referenced to Voy or VoL. 


Operation within the tacop (max) limit assures that trac (max) 
can be met. tacp (max) is specified as a reference point only; if 
trop is greater than trop (max), then access time is controlled 
exclusively by toac. 


(13) For fast-page read operation, the definition of access time is as 


foliows: 





CAS and Column Address 


Input Conditions Access Time Definition 


tcp = tcp (max), tasc = top tacp 
top = top (max), tasc = top tAA 
top = tcp (max), tase < tasc (max) taa 


tcp = top (max), tasc = top tcac 





(14) The topp requirement should be applicable for RAS/CAS cycles 


preceded by any cycle. 


(15) Either tany or tacy must be satisfied for a read cycle. 
(16) Parameter twp is applicable for a delayed write cycle such asa 


read-write/read-modify-write cycle. For early write operation, 
both twos and twop must be met. 


(17) These parameters are referenced to the falling edge of CAS for 


early write cycles and to the falling edge of WE for delayed write 
or read-modify-write cycles. 


(18) For Doytg parameters twos, twp; towp: and tawp are restric- 


tive operating parameters in read-write/read-modify-write cy- 
cles only. Iftwos = twcs (min), the cycle is an early write cycle 
and the data output will remain open-circuit throughout the 
entire cycle. If towp = tcwp (min), tawp = trwp (min), and 
tawp = tawp (min), the cycle is a read-write cycle and the data 
output will contain data read from the selected cell. If neither of 
the above conditions is met, the condition of Doytg (at access 
time and until CASg returns to Viz) is indeterminate. 











MC-42256AB8 NV. E Cc 


Timing Waveforms 


Read Cycle 


Input/Output 





NV E Cc MC-42256AB8 


Timing Waveforms (cont) 


Early Write Cycle 





To" VI 
a 


Input/Output 


Note: 
{1] OE = don't care. 





MC-42256AB8 NV. E Cc 


Timing Waveforms (cont) 


Fast-Page Read Cycle 


\_\ | len | 7 


| 
Nie toEz tOEA toez toEz 


tOFF 
High 


TCA 
High Impedan | | | | peda 
Input/Output dias cs CN Valid Data-out 1X Valid Data-out j}- 1 N Valid Data-out jpecance 
toLz LZ 


toLz to 
tCLz tcoLz tCLz 


trac torr tcac tOFF 


83VB-6786B 
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Timing Waveforms (cont) 


Fast-Page Early Write Cycle 





y 
\\ 
tRAD 


tasR tRAH tcaH tasc 


[1] O& = don't care. 





MC-42256AB8 NV. KE C 


Timing Waveforms (cont) 


Hidden Refresh Cycle 


Memory Cycle CAS Before RAS Cycle CAS Before RAS Cycle 
trc tac tac 
tRAS tras tRAS 


tcAP 
[1] 
tRAH 


taSR 4 MetRAD | 


tasc 
ae 
ROC Kom i 
5 | tWHR | 


>| tOFF 


toEz 


High 
Impeda =) 


Input/Output aerimpetencs { X Valid Data-out \ 
. tCLz 


tAA 
tRAC 





NV. E C MC-42256AB8 


Timing Waveforms (cont) 


RAS-Only Refresh Cycle 





tap 


tRPC 


WO 


High tmpedance 
Input/Output 
Notes: 
(1] WE = OE = don't care. 





CAS Before RAS Refresh Cycle 


trp 
tcsr tCHR taPC tcrp 


tsa ket 
me //} AQAA 


High Impedance 


Input/Output 





MC-42256AB8 NV. E Cc 


Package Drawing 


30-Pin Socket-Mountable SIMM (MC-42256AB8, Suffix BA or FA) 


E 


Millimeters Inches 
88.90 3.500 
16.80 max .661 max 
2.54 -100 

1.78 .070 
5.08 max 200 max 
1.27 + .08 .050 + .0032 
10.16 .400 
6.35 .250 
82.10 3.232 
3.175 dia 


A 
B 
Cc 
D 
E 
F 
G 
H 
| 

J 
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NEC MC-42256AB9 
262,144 x 9-Bit 


NEC Electronics Inc. Dynamic CMOS RAM Module 


Description Pin Configurations 


The MC-42256AB9 is a 262,144-word by 9-bit DRAM 439_pin Socket-Mountable SIMM 
module designed to operate from a single +5-volt 
power supply. The module is a 30-pin socket-mountable 
Single Inline Memory Module (SIMM™) containing two 
UPD424256LA DRAMs (256K x 4) and one uPD42256L 
DRAM (256K x 1). 


The MC-42256AB9 is functionally equivalent to eight 
PD42256 standard 256K x 1 DRAMs with a parity bit. 
Refreshing is accomplished by RAS-only refresh cycles, 
hidden refresh cycles, CAS before RAS refresh cycles, 
or by normal read or write cycles on the 256 address 
combinations of Ag - Ag during a 4-ms period. 


Features 

QO 262,144-word by 9-bit organization 

QO Single +5-volt power supply 

OQ Standard 30-pin SIMM packaging 

O Three 256K DRAMs 

Q Three power supply decoupling capacitors 

O Low power dissipation of 16.5 mW max (standby) 
Q TTL-compatible inputs and outputs 

Q 256 refresh cycles every 4 ms 

QO Page-mode capability 


SIMM is a trademark of Wang Laboratories. 





Ordering Information 


Part Number Access Time (max) Package Height Thickness DRAMs 
MC-42256AB9BA-60 60 ns 30-pin socket-mountable 16.8 mm 5.08 mm Two uPD424256LA 
BA-70 70 ns SIMM (solder plating) (0.661 inch) (0.200 inch) One uPD42256L 
BA-80 80 ns 
BA-10 100 ns 
MC-42256AB9FA-60 60 ns 30-pin socket-mountable 
FA-70 70 ns SIMM (gold plating) 
FA-80 80 ns 
FA-10 100 ns 


60213 


MC-42256AB9 


NEC 





Connection Diagram 


uPD424256 
256K x 4 DRAM 


OE upp424e56 
256K x 4 DRAM 


pPD42256 
256K x 1 DRAM 


DIN 
DouT 





Pin Identification 





Name Function 

Ao - Ag Address inputs 

CAS Column address strobe 
CASg Column address strobe for data output 9 
Ding Data input 9 

DouTo Data output 9 

YO, - /Og Common data inputs/outputs 
RAS Row address strobe 

WE Write enable 

GND Ground 

Voc + 5-volt power supply 

NC No connection 


Absolute Maximum Ratings 


Voltage on any pin relative to GND -1.0 to +7.0 V 
Operating temperature, Topr 0 to + 70°C 
Storage temperature, Tetg ; -55 to + 125°C 
Short-circuit output current, log 50 mA 
Power dissipation, Pp 3.0 W 


Exposure to Absolute Maximum Ratings for extended periods may 
affect device reliability; exceeding the ratings could cause perma- 
nent damage. The device should be operated within the limits 
specified under DC and AC Characteristics. 


Recommended Operating Conditions 


Parameter Symbol Min Typ Max Unit 
Input voltage, high Vi 2.4 Vec+ 10 V 
Input voltage, low ViL -1.0 0.8 V 
Supply voitage* Voc 45 50 5.5 V 
Ambient temperature Ta 0 70 °C 


*Voc = +5.0 V £5% for the -80 version. 





Capacitance 
Ta = 25°C; f = 1 MHz 
Parameter ' Symbol “Max Unit Pins Under Test 
Input capacitance Cry 75 pF Ao - Ag, RAS, 

CAS, WE 

Cio 13 pF CASg, Ding 

Input/output Cyo 17 pF 1/04 - VOg 
capacitance 
Output capacitance Co... 12 pF DouTo 


N. E Cc MC-42256AB9 


DC Characteristics 
Ta = Oto +70°C; Vog = +5.0 V 10%; GND = OV 




















Parameter Symbol! Min Typ Max Unit Test Conditions 
Supply voltage Voc 45 5.0 5.5 Vv 
Input voltage, high Vin 2.4 Voc + 1.0 Vv 
Input voltage, low Vit -1.0 0.8 V | 
Standby current loce 6 mA RAS = CAS = Vin } 9b | 
3 mA RAS = CAS = Voc -0.2V 
Input leakage current hie -30 30 HA For Ag - Ag, RAS, CAS, WE: Viy = 0 to 5.5 V; 
other pins = 0V 
input leakage current lito -10 10 yA For CASg, Ding: Vin = 0 to 5.5 V; 
other pins = 0V 
Output leakage current lot -10 10 yA For I/O, - /Og and Doytg disabled; 
Vout = 0to5.5V 
Output voltage, low VoL 0 0.4 Vv lout = 4.2mA 
Output voltage, high Vou 24 Voc V lout = ~5 mA 





AC Characteristics 
Ta = Oto +70°C; Vog = +5.0 V +10% 











~60 ~70 -80 -10 
Parameter Symbol Min Max Min Max Min Max Min Max _ Unit Test Conditions 
Operating current, loc 270 240 210 180 mA — RAS, CAS cycling; 
average tro = trac min (Note 5) 
Operating current, loos 270 240 210 180 mA RAS cycling; CAS = Vin; 
RAS- only refresh cycle, tro = tac min (Note 5) 
average 
Operating current, loca 240 210 180 150 mA RAS = Vi; CAS cycling; 
fastpage cycle, average tpc = tpc min (Note 5) 
Operating current, locs 270 240 210 180 mA __ RAS cycling; CAS before 
CAS before RAS refresh RAS; tac = tac min 
cycle, average (Note 5) 
Access time from taa 30 35 45 50 ns _— (Notes 7, 10, 11) 
column address 
Access time from CAS tacp 35 40 45 55 ns__— (Notes 7, 11) 
precharge (rising edge) 
Column address hold tar N/A N/A 60 70 ns 
time referenced to RAS 
Column address tasc 0 0 0 20 0 20 ns = (Note 11) 
setup time 
Row address setup time tase 0 0 0 0 ns 
Column address to WE tawp 30 35 45 50 ns _ (Note 18) 
delay time 
Access time from CAS tcoac 20 20 20 25 ns___ (Notes 7, 9, 10, 11} 
(falling edge) 
Column address . toaH 15 17 20 20 ns 
hold time 
CAS pulse width toas 20 10,000 20 10,000 20 10,000 25 10,000 ns 
CAS hold time for CAS tour 15 15 15 20 ns 


before RAS refresh cycle 





ao 


MC-42256AB9 


AC Characteristics (cont) 


-60 
Parameter Symbol Min Max 
CAS precharge time, fast- top 10 
page cycle 
CAS precharge time, tcopn 10 
nonpage cycle 
CAS to RAS tcrp 10 
precharge time 
CAS hold time tcsH 60 
CAS setup time for CAS tosr 10 
before RAS refresh cycle 
CAS to WE delay towo 20 
Write command to tow. 15 
CAS lead time 
Data-in hold time toy 15 
Data-in hold time tpHR N/A 
referenced to RAS 
Data-in setup time tos 
Output buffer torr 0 15 
turnoff delay 
Fast-page cycle time tpc 40 
Access time from RAS trac 60 
RAS to column address trap 15 30 
delay time 
Row address hold time tRAH 10 
Column address lead traL 30 
time referenced to RAS 
(rising edge) 
RAS pulse width tras 60 ~=10,000 
RAS pulse width, trasp 60 10,000 
fast-page cycle 
Random read or write tro 120 
cycle time 
RAS to CAS delay time trop 20 40 
Read command holdtime — tacy 0 
referenced to CAS 
Read command tres 0 
setup time 
Refresh period tREF 4 
RAS precharge time trp 50 
RAS precharge CAS trpc 10 
hold time 
Read command holdtime = tray 10 
referenced to RAS 
RAS hold time trspH 20 
Read-write cycle time trawe 145 
RAS to WE delay trwo 60 


Min 
10 


10 


10 


70 
10 


20 
15 


15 
N/A 


45 


15 


10 


35 


70 


70 


130 


20 


60 
10 


10 


20 
155 
70 


~70 
Max 


15 


70 
35 


10,000 
100,000 


50 


Min 
10 


10 


10 


80 
10 


20 
15 


20 
60 


50 


17 


12 


45 


80 


80 


160 


25 


70 


10 


20 
190 
80 


-80 


Max 
20 


20 


80 
35 


10,000 
100,000 


60 


Min 
10 


10 


10 


100 
10 


25 
20 


20 
70 


60 


17 


12 


50 


100 


100 


190 


25 


80 


10 


25 
225 
100 


-10 
Max 
25 


25 


100 
50 


10,000 
100,000 


75 


Unit 


ns 


ns 


ns 


ns 


ns 


ns 


ns 


ns 


ns 


ns 


ns 


ns 
ns 


ns 


ns 


ns 


ns 


ns 


ns 


ns 


ms 
ns 


ns 


ns 


ns 
ns 


ns 


NEC 


Test Conditions 
(Note 11) 


(Note 14) 


(Note 18) 
(Note 17) 


(Note 17) 
(Note 12) 


(Note 6) 
(Notes 7, 8) 
(Note 10) 


{Note 6) 


(Note 13) 
(Note 15) 


Addresses Ao - Ag 


(Note 15) 


(Note 6) 
(Note 18) 
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MC-42256AB9 














-60 -70 -80 -10 
Parameter Symbol Min Max Min Max Min Max Min Max Unit Test Conditions 
Write command to tRwL 20 20 25 30 ns 
RAS lead time 
Rise and fall tr 3 50 3 50 3 50 3 50 ns (Note 4) 
transition time 
Write command twoH 15 15 15 20 ns 
hold time 
Write command hold twor N/A N/A 55 70 ns 
time referenced to RAS 
Write command twes 0 0 0 0 ns _ (Note 18) 
setup time 
Write command twp 15 15 15 20 ns (Note 16) 
pulse width 
Notes: 


(13) For fast-page read operation, the definition of access time is as 
follows: 


(1) All voltages are referenced to GND. 


(2) An initial pause of 100 ps is required after power-up, followed by 
any eight RAS cycles, before proper device operation is 
achieved. 





CAS and Column Address 
Input Conditions Access Time Definition 


(3) Ac measurements assume ty = 5ns. 


top s t max), t 2t t 
(4) Vir (min) and Vi, (max) are reference levels for measuring the cP op (max), tasc cP ‘ACP 
timing of input signals. Transition times are measured between tcp = tcp (max), tasc = tcp tra 
Mon Mate top 2 top (max), tasc = tasc (max) tAA 


(©) loc1 loos, loca, and locs depend on output loading and cycle 
tates. Specified values are obtained with the output open. Ioo3 
is measured assuming that all column address inputs are held at 
either a high level or a low level during RAS-only refresh cycles. 
loc, is measured assuming that all column address inputs are 
switched only once during each fast-page cycle. 


tcp 2 tcp (max), tasc 2 top tcac 


(14) The torp requirement should be applicable for RAS/CAS cycles 
preceded by any cycle. 
(15) Either tany or tacy must be satisfied for a read cycle. 


(16) Parameter twp is applicable for a delayed write cycle such as a 
read-write/read-modify-write cycle. For early write operation, 
both twos and twoH must be met. 


(6) The minimum specifications are used only to indicate the cycle 
time at which proper operation over the full temperature range 
(Ta = 0 to + 70°C) is assured. 


(7) Load = 2TTL (-1 mA, +4 mA) loads and 100 pF. 


(8) Assumes that tacp = trop (max) and trap < trap (max). If 
tacp or trap is greater than the maximum recommended value 
in this table, trac increases by the amount that tacp or trap (18) For Doutg parameters twos, twp: town, and tawp are restric- 
exceeds the value shown. tive operating parameters in read-write/read-modify-write cy- 

cles only. Iftwos = twcs (min), the cycle is an early write cycle 

and the data output will remain open-circuit throughout the 


(17) These parameters are referenced to the falling edge of CAS for 
early write cycles and to the falling edge of WE for delayed write 
or read-modify-write cycles. 


(9) Assumes that tacp 2 tracp (max) and tran < trap (max). 





(10) 
(11) 


(12) 


If taap = trap (max), then the access time is defined by taa. 


torr (max) defines the time at which the output achieves the 
open-circuit condition and is not referenced to Voy or Voy. 


Operation within the taop (max) limit assures that taac (max) 
can be met. tacp (max) is specified as a reference point only; if 
trop is greater than tacp (max), then access time is controlled 
exclusively by toac. 


entire cycle. If towp = tcowop (min), tawp 2 trwp (min), and 
tawp 2 tawp (min), the cycle is a read-write cycle and the data 
output will contain data read from the selected cell. If neither of 
the above conditions is met, the condition of DouTg (at access 
time and until CASg returns to Vj})) is indeterminate. 


a 
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Timing Waveforms 


Read Cycle 


Input/Output 
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Timing Waveforms (cont) 


Early Write Cycle 


Note: 
{1] OE = don't care. 


83YL-6978B 
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Timing Waveforms (cont) 


Read-Write/Read-Modify-Write Cycle (Dourg only) 


LLL] mal 


oa 
On ————— ML, 


torr 
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Timing Waveforms (cont) 


Fast-Page Read Cycle 





Tem 


| 
| toa tOEA toEz 
tRAC tOFF tcac toFF toa a 
High 


h | | | my peda 
Input/Output pe mperanee iN Valid Data-out } . Valid Data-out 1) iN Valid Data-out }™ 


to.z to.z toLz 
tcLz toLz tCLz 
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Timing Waveforms (cont) 


Fast-Page Early Write Cycle 


tRAD tasc 


tasA tcaH tasc 


tRAH 
nme OK om) 


[1] OE = don't care. 
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Timing Waveforms (cont) 
Fast-Page Read-Write/Read-Modify-Write Cycle (Doyrg only) 
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Timing Waveforms (cont) 
Hidden Refresh Cycle 
Memory Cycle 


tre 
tras 


tcrp | 


tasc | 


tRAL 
| | | 


77} 


tasR tRAD 


Ly FR me 


te | 


tOEA 


le—tonc 


toiz 


Input/Output sigh ing 


taa 
tRA 


12 


CAS Before RAS Cycle 
trac 
tras 


tWHR 


1X Valid Data-out fh < eapocanos 
- 


¥.0.9.9000.0.009 
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CAS Before RAS Cycle 
tac 
tRA: 


toFF 
toEz 


High 
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Timing Waveforms (cont) 


RAS-Only Refresh Cycle 





trp 
tAPC 


AUN 


Input/Output 


Notes: 
[1] WE = OE = don'tcare. 





CAS Before RAS Refresh Cycle 


trp 


ssn ket 
me /// NOAA 


High Impedance 


Input/Output 
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Package Drawing 


30-Pin Socket-Mountable SIMM (MC-42256AB9BA/FA) 


Millimeters 
88.90 ° 
16.80 max 
2.54 
1.78 
5.08 max 
1.27 + .08 
10.16 
6.35 
82.10 
3.175 dla 


item 
A 
B 
Cc 
D 
E 
FE 
G 
H 
| 
J 
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NEC Electronics Inc. 


Description 


The MC-42256A32 is a fast-page dynamic RAM module 
organized as 262,144 words by 32 bits and designed to 
operate from a single +5-volt power supply. Advanced 
CMOS circuitry ensures minimum power dissipation 
and excellent operating margins. 


The three-state output is controlled by CAS indepen- 
dent of RAS. After a valid read or read-modify-write 
cycle, data is held on the output by holding CAS low. 
Data output is returned to high impedance by returning 
CAS high. Fast-page read and write cycles can be 
executed by cycling CAS. Refreshing is accomplished 
by RAS-only refresh cycles, CAS before RAS refresh 
cycles, hidden refresh cycles, or by the 512 address 
combinations of Ao - Ag during an 8-ms period. 


- The MC-42256A32 is packaged in a variety of Single 
Inline Memory Modules (SIMM™). Each SIMM contains 
eight 262,144 x 4-bit uPD424256 DRAMs and eight 
power supply decoupling capacitors for noise reduc- 
tion. DQ; - DQ32 are common input/output pins. 


Features 


262,144-word by 32-bit organization 
Single +5-volt power supply 
Fast-page cycles 

Low power dissipation 

RAS-only refresh cycles 

CAS before RAS refresh cycles 
Hidden refresh cycles 

512 refresh cycles every 8 ms 
TTL-compatible inputs and outputs 
72-pin SIMM packaging 


gboaowadaonaanaan da 


SIMM is a trademark of Wang Laboratories. 


Pin Identification 


Name Function 

Ao - Ag Address inputs 

CASp - CAS3 Column address strobes 

DQ, - DQa2 Common data inputs/outputs 
RAS, RAS Row address strobes 

WE Write enable 

GND Ground 

Voc +5-volt power supply 


NC No connection 


60212 


MC-42256A32 
262,144 x 32-Bit 
Dynamic CMOS RAM Module 


Pin Configuration 


72-Pin Socket-Mountable SIMM 


[Fn Symber | 
raf eo _| 


| 2] ba 
| 3 | Pai | 
| 4] G2 | 
| §] O18 | 
| 6| das | 
| 7{ Odr9 | 
| 8] 04 | 
| 2] azo _| 
|t0[ Voc _| 


Cc 
cco 
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Ordering Information 





Part Number Access Time (max) Package Height Thickness DRAMs 
MC-42256A32B-60 60 ns 72-pin socket-mountable 25.4 mm 5.08 mm Eight uPD424256LA 
B-70 70 ns SIMM (solder plating) (1.00 inch) (0.200 inch) 
B-80 80 ns 
B-10 100 ns 
MC-42256A32F-60 60 ns 72-pin socket-mountable 
F-70 70 ns SIMM (gold plating) 
F-80 80 ns 
F-10 100 ns 
MC-42256A32BT-60 60 ns 72-pin socket-mountable 25.4 mm 2.68 mm Eight uPD424256GX 
BT-70 70 ns SIMM (solder plating) (1.00 inch) (0.106 inch) 
BT-80 80 ns 
BT-10 100 ns 
MC-42256A 32F T-60 60 ns 72-pin socket-mountable 
FT-70 70 ns SIMM (gold plating) 
FT-80 80 ns 
FT-10 100 ns 





N 
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Connection Diagram 





D0-D7 (uPD424258) 


Yoo O——¢-_—__> 
ad Co~C7 
GND O——#—_—__—_—>- 
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Absolute Maximum Ratings 


NEC 


Recommended Operating Conditions 








Voltage on any pin relative to GND 1.0 to +7.0 V Parameter Symbol Min Typ Max Unit 
Operating temperature, Topp 0 to +70°C Input voltage, high Vin 2.4 Voc + 1.0 V 
Storage temperature, Tstg ~55 to + 125°C Input voltage, low Vit -1.0 0.8 V 
Short-circuit output current, log 50 mA Supply voltage Voc 4.5 5.0 5.5 Vv 
Power dissipation, Pp 8Ww Ambienttemperature Ta 0 +70 °C 
Exposure to Absolute Mexia Ratings for extended periods may Capacitance 
affect device reliability; exceeding the ratings could cause perma- Ts = 25°C: f = 1 MHz 
nent damage. The device should be operated within the limits A : 
specified under DC and AC Characteristics. Parameter Symbol Max Unit Pins Under Test 

Input Cy 68 pF Ao - Ag 

capacitance Cp 76 pF WE 

Cig 43 pF RAS 
Cig 29 pF CAS 

Input/output Cio/Coo 17 pF DQ, - DQg2 

capacitance 
DC Characteristics 
Ta = 0 to + 70°C; Vog = +5.0 V +5% 
Parameter Symbol Min Max Unit Test Conditions 
Standby current loce 16 mA RAS = CAS = Viy (min) 

8 mA RAS = CAS 2 Voc - 0.2 V 
Input leakage current hw -80 80 uA Vin = OV to Voc; 
all other pins not under test = 0 V 
Output leakage current low -10 10 yA DQ, to DQg9 disabled; Voyt = 0 V to Veo 
Output voltage, low VoL 0.4 V lo. = 4.2 mA 
Output voltage, high Vou 2.4 lon = -5 mA 
AC Characteristics 
Ta = 0 to + 70°C; Voc = +5.0V +5% 
-80 -10 
Parameter Symbol Min Max Min Max Min Max Min Max Unit Test Conditions 
Operating current, — loo1 720 640 560 480 mA RAS and CAS cycling; 
average tro = tro min; 
lo = 0 mA (Note 5) 
Operating current, loc3 720 640 560 480 mA RAS cycling; CAS = Viz; 
RAS-only refresh tro = taco min; 
cycle, average lo = O mA (Note 5) 
Operating current, loca 640 560 480 400 mA RAS = Vi; CAS cycling; 
page cycle, average tpc = tpc min; 
lo = O mA (Note 5) 

Operating current, locos 720 640 560 480 mA RAS cycling; CAS before 
CAS before RAS RAS; tao = trac min; 
tefresh cycle, average lo = O mA (Note 5) 
Access time from taa 30 35 40 55 ns (Notes 7, 9) 


column address 





A 
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AC Characteristics (cont) 








-60 -70 -80 -10 
Parameter Symbol Min Max Min Max Min Max Min) Max Unit Test Conditions 
Column address hold tar 60 60 60 70 ns 
time referenced to 
RAS 7 : 
Access time from CAS tacp 35 40 45 55 ns (Notes 7, 9) 
precharge (rising 
edge) 
Column address tasc 0 0 0 0 ns 
setup time 
Row address setup tasr 0 0° 0 0 ns 
time 
Access time from CAS —tcac 20 20 20 25 ns (Notes 7, 9) 
(falling edge) 
Column address hold tcaH 15 17 20 20 ns 
time 
CAS pulse width tcas 20 10,000 20 10,000 20 ~=10,000 25 10,000 ns 
CAS hold time for tour 15 15 15 20 ns 
CAS before RAS 
refresh cycle 
CAS precharge time, top 10 10 10 10 ns 
page cycle 
CAS precharge time topn 10 10 10 10 ns 
CAS to RAS tonp 10 10 10 10 ns (Note 12) 
precharge time ; 
CAS hold time tsi 60 70 80 100 ns 
CAS setup time for tosr 10 10 10 10 ns 
CAS before RAS 
refresh cycle 
Data-in hold time ton 15 15 20 25 ns (Note 15) 
Data-in hold time tour ‘60 60 60 70 ns 
referenced to RAS 
Data-in setup time tos 0 0 0 ¢) ns (Note 15) 
Output buffer turnoff torr 0 15 Oo 15 0 20 0 25 ns (Note 10) 
delay 
Page cycle time tpc 40 45 50 60 ns (Note 6) 
Access time from RAS trac 60 70 80 100 ns (Notes 7, 8) 
RAS to column trap 15 30 15 35 17 40 17 45 ns (Note 9) 
address delay time 
Row address hold trRaH 10 10 12 12 ns 
time 
Column address lead tRAL 30 35 45 55 ons 
time referenced to 
RAS (rising edge) 
RAS pulse width tras 60 . 10,000 70 = 10,000 80 10,000 100 10,000 ns 
RAS pulse width, trasp 60 100,000 70 100,000 80 100,000 100 100,000 ns 
page cycle 
Random read or write trc 120. 130 160 190 ns (Note 6) 
cycle time 
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AC Characteristics (cont) 








-60 -70 -80 -10 
Parameter Symbol Min Max Min Max Min Max Min Max Unit Test Conditions 
RAS to CAS delay taco 20 40 20 50 25 60 25 75 ns (Note 11) 
time 
Read command hold trou 0 ce) 0 0 ns (Note 13) 
time referenced to 
CAS 
Read command setup .. tacs 0 te) 0 0 ns 
time 
Refresh period treF 8 8 8 8 ms Addresses Apo - Ag 
RAS precharge time trp 50 50 60 80 ns 
RAS precharge CAS trapc 10 10 10 10 ns 
hold time 
Read command hold trary 10 10 10 10 ns (Note 13) 
time referenced to 
RAS 
RAS hold time tas 20 20 20 25 ns 
Rise and fall ty 3 50 3 50 3 50 3 50 ns (Note 3) 
transition time 
Write command hold twou 15 15 15 20 ns 
time 
Write command hold twor 55 55 55 70 ns 
time referenced to 
RAS 
Write command setup twos 0 0 0 0 ns (Note 16) 
time 
Write command pulse twp 15 15 15 20 ns (Note 14) 
width 
Notes: 


(1) All voltages are referenced to GND. (10) torr (max) defines the time at which the output achieves the 


(2) An initial pause of 100 ys is required after power-up, followed by open-circuit condition and is not referenced to Vox or VoL. 


any eight RAS cycles, before proper device operation is 
achieved. 


(11) Operation within the tagp (max) limit assures that tpac (max) 
can be met. tacp (max) is specified as a reference point only; if 
trop is greater than trop (max), then access time is controlled 


(3) Ac measurements assume tr = 5ns. ; 
exclusively by tcac. 


(4) Vin (min) and Vj, (max) are reference levels for measuring the 
timing of input signals. Transition times are measured between 
Vin and ViL. 


(12) The tcpp requirement should be applicable for RAS/CAS cycles 
preceded by any cycle. 


© lect lees loca and logs depend on output loading and cycle _—*(13) Either tary or tncy must be satisfied for a read cycle. 


rates. Specified values are obtained with the output open. Ioc3 
is measured assuming that all column address inputs are held at 
either a high level or a low level during RAS-only refresh cycles. 
loc4 is measured assuming that all column address inputs are 
switched only once during each fast-page cycle. 


(14) Parameter twp is applicable for a delayed write cycle such as a 
read-write/read-modify-write cycle. For early write operation, 
both twos and twou must be met. 


(15) These parameters are referenced to the falling edge of CAS for 

early write cycles and to the falling edge of WE for delayed write 
(6) The minimum specifications are used only to indicate the cycle or read-modify-write cycles. 
time at which proper operation over the full temperature range 


(Ta, = 0 to +70°O) is assured (16) twos, tawo tewpo, and tawp are restrictive operating parame- 
ATA = . 


ters in read-write/read-modify-write cycles only. If twos = twcs 


8) 


(9) 


o 


Load = 2 TTL ¢1 mA, +4 mA) loads and 100 pF. 


Assumes that tacp = tacp (max) and trap < trap (max). If 
tacp oF trap is greater than the maximum recommended value 
in this table, trac increases by the amount that taop or trap 
exceeds the value shown. 


IftRap 2 tRaap (max), then the access time is defined by taa. 


(min), the cycle is an early write cycle and the data output will 
remain open-circuit throughout the entire cycle. Iftcwp = tcwo 
(min), tawp 2 trwp (min), and tawp = tawp (min), the cycle is 
a read-write cycle and the data output will contain data read 
from the selected cell. If neither of the above conditions is met, 
the condition of the data output pin (at access time and until 
CAS returns to Vj) is indeterminate. 
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Timing Waveforms 


Read Cycle 
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Timing Waveforms (cont) 


Early Write Cycle 
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Timing Waveforms (cont) 


Fast-Page Read Cycle 
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Timing Waveforms (cont) 


Fast-Page Early Write Cycle 
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Timing Waveforms (cont) 


Hidden Refresh Cycle 


CAS Before RAS Cycle 
tac 
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Timing Waveforms (cont) 


RAS-Only Refresh Cycle 


Address 


Dout 


Note: 
[1] WE = Vip. 





CAS Before RAS Refresh Cycle 


> '  tRPC 


High Impedance 


Note: 
[1] Address = don't care. 





NV. E C MC-42256A32 


Package Drawings 





72-Pin Socket-Mountable SIMM (MC-42256A32B/F) 





tem Millimeters 
A 107.95 +0.2 

B 101.19 + 0.2 

F 1.04 

G 10.16 

H 1.27 ‘ .050 

1 6.85 : : .133 

J -2.03 : 1.750 

K 6.35 250 
L__2.54min 3.750 + .004 





13 


MC-42256A32 NV E C 


Package Drawings (cont) 


72-Pin Socket-Mountable SIMM (MC-42256A32B T/F T) 


Hem Milllimeters inches 
A 107.95 +0.2 4.250 + .008 
B 101.19+02 3.984 + .008 
F 1.04 041 
G 
H 
I 
J 
K 
L 


10.16 
1.27 
6.35 
2.03 
6.35 
2.54 min 
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NEC Electronics Inc. 


Description 


The MC-42256A36 and the MC-424256A36 are dynamic 
RAM modules organized as 264,144 words by 36 bits 
and designed to operate from a single +5-volt power 
supply. Advanced CMOS circuitry ensures minimum 
power dissipation and excellent operating margins. 


The three-state output is controlled by CAS indepen- 
dent of RAS. After a valid read or read-modify-write 
cycle, data is held on the output by holding CAS low. 
Data output is returned to high impedance by returning 
CAS high. Fast-page read and write cycles can be 
executed by cycling CAS. Refreshing is accomplished 
by RAS-only refresh cycles, CAS before RAS refresh 
cycles, hidden refresh cycles, or by the 1024 address 
combinations of Ag - Ag during a 16-ms period. 


Single Inline Memory Module (SIMM™) packaging en- 
hances reliability and reduces the size, weight, and 
cost of a system. Each SIMM contains 12 DRAMs and 
12 power supply decoupling capacitors. The comple- 
ment of DRAMs (uPD424256, 41256, 42256, 421000) and 
the operating mode (fast-page, page) are summarized 
below. 


DRAMs (Qty) 
Module 256K x 4 256K x 1 1IMx1 
MC-42256A36 (8) (4) 
B/F (fast-page) UPD424256 UPD42256 
MC-424256A36 (8) (4) 
BH/FH (fast-page) uUPD424256 puPD421000 
MC-424256A36 (8) (4) 
B/F (page) uPD424256 uPD41256 
Features 
QO 262,144-word by 36-bit organization 
QO Single +5-volt power supply 
O Low power dissipation 
O RAS-only refresh cycles 
QO CAS before RAS refresh cycles 
QO Hidden refresh cycles 
O 1024 refresh cycles every 16 ms 
Q TTL-compatible inputs and outputs 
0 72-pin SIMM packaging 
Q Fast-page mode operation (MC-42256A36B/F and 


MC-424256A36BH/FH) 
O Page mode operation (MC-424256A36B/F) 


SIMM is a trademark of Wang Laboratories. 


60172 


MC-42256A36, -424256A36 
262,144 x 36-Bit 
Dynamic CMOS RAM Module 


Pin Configuration 


72-Pin Socket-Mountable SIMM 


fal 


8 
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Ordering Information 





Part Number Access Time (max) Package Operation Height Thickness DRAMs 
MC-42256A 36B-70 70 ns 72-pin socket- -- Fast-page 25.4 mm 5.28 mm Eight 
B-80 80 ns Lis caaranias (1.00 inch) (0.208 inch) UPD424256LA 
B40 100 ns , = ¥ Four uPD42256L. 
MC-42256A 36F-70 70 ns 72-pin socket- 
gn. mountable SIMM 
Fee S008 (gold plating) 
F-10 100 ns 
MC-424256A36BH-70 70 ns 72-pin socket- Fast-page 31.75 mm 5.28 mm Eight 
BH-80 80 ns Eider co a (1.25 inch) (0.208 inch) UPD424256LA 
BHO 700 ns Four uPD421000LA 
MC-424256A36FH-70 70 ns 72-pin socket- 
FH-80 80 ns mountable SIMM 
(gold plating) 
FH-10 100 ns ; 
MC-424256A 36B-80 80 ns 72-pin socket- Page 25.4 mm 5.28 mm Eight 
; ~~ mountable SIMM (1.00 inch) (0.208 inch) UPD424256LA 
sao gone (solder plating) 
ur uPD41 
B-10 100 ns ROU HP est2oek 
MC-424256A 36F-80 80 ns 72-pin socket- 
mountable SIMM 
ii biachas (gold plating) 
F-10 100 ns 





Pin Identification 


Name Function 

Ao - Ag , Address inputs 

CASp - CAS3 Column address strobes 

DQ - DQ35 Common data inputs/outputs 
RASo, RAS. Row address strobes | 
WE Write enable 

GND Ground 

Voc +5-volt power supply 

NC _ No connection 


no 


NV. E C MC-42256A36, -424256A36 


Connection Diagram; MC-42256A36, -424256A36 





DRAM Used On 


uPD424256LA AN 
Vog 09> f 20-07. Moms uPD421000LA MC-424256A36BH/FH 
enp o_O uPD42256LA MG-42256A368/F 


pPD41256L MC-424256A36B/F 


WE O—_—_—_—__-_—__—_> 
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Absolute Maximum Ratings Capacitance 
Voltage on any pin relative to GND 40to+70V JAS 250 f= 1 Mrz 
Operating temperature, Topr 0 to +70°C Parameter Symbol Max Unit Pins Under Test 
Storage temperature, Tgtg 55to +1250 2 MPut bal er BOF 
Cn capacitance C 104 F WE 
Short-circuit output current, log 50 mA <3 P 
Power dissipation, Pp 24W Cig of pees 
Exposure to Absolute Maximum Ratings for extended periods may Cu =e pF CAS 
affect device reliability; exceeding the ratings could cause perma- Input/output Cio/Coo 17 PF DQo - DQ7, DQg - 
nent damage. The device should be operated within the limits capacitance DQ 46, DQyg - DOQas5, 
specified under DC and AC Characteristics. DQ27 - DQ34 
. pe. Cio/Co2 22 pF DQg, DQ17, DQo¢, 
Recommended Operating Conditions DQ35 
Parameter Symbol Min Typ Max Unit 
Input voltage, high ViH 2.4 Voc + 1.0 Vv 
Input voltage, low Vit -1.0 0.8 V 
Supply voltage Vec 4.75 5.0 5.25 V 
Ambient temperature Ta 0 70 °C 
DC Characteristics 1 (MC-42256A36B/F, -424256A36BH/FH) 
Ta = 0 to + 70°C; Vog = +5.0V +5% 
Parameter Symbol Min Max Unit Test Conditions 
Standby current loc2 24 mA RAS = CAS 2 Vip (min) 
12 mA RAS = CAS = Vocg-0.2V 
Input leakage current ‘Ly ~120 120 HA Vin = OV to Voc 
all other pins not under test = 0 V 
Output leakage current lowy ~10 10 LA DQ» to DQg5 disabled; Voyt = OV to Veo 
Output voltage, low VoL 0.4 Vv lo, = 4.2 mA 
Output voltage, high Vou 2.4 V low = -5 mA 
AC Characteristics 1 (MC-42256A36B/F, -424256A36BH/FH) 
Ta = 0 to +70°C; Vog = +5.0 V +5% 
-70 -80 -10 
Parameter Symbol Min Max Min Max Min Max Unit Test Conditions 
Operating current, average loo1 (Note 17) 960 840 720 mA __ RAS and CAS cycling; 
TTT tro = tre min; 
loc1 (Note 18) 920 800 680 mA Io = 0 mA (Note 5) 
Operating current, RAS-only locg (Note 17) 960 840 720 mA RAS cycling; CAS = Viz}; 
refresh cycle, average - avs ooo tre = taco min; 
locg (Note 18) 920 800 680 mA Io = 0 mA (Note 5) 
Operating current, fast-page cycle, loca (Note 17} 840 720 600 mA RAS =< Vi; CAS cycling; 
average —_———_———_——— OOo tp = tp min; 
loca (Note 18) 800 680 560 mA Io = 0 mA (Note 5) 
Operating current, CAS before loos (Note 17) 960 840 720 mA RAS cycling; CAS before 
RAS refresh cycle, average _ 0000 «= RAS; tac = taco min; 
loos (Note 18) 920 800 560 mA lo = 0 mA (Note 5) 
Access time from column address taa 35 45 50 ns (Notes 7, 9) 
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AC Characteristics 1 (MC-42256A36B/F, -424256A36BH/Fh) (cont) 


Parameter 


Column address hold time 
referenced to RAS 


Access time from CAS precharge 
(rising edge) 


Column address setup time 
Row address setup time 


Access time from CAS (falling 
edge) 


Column address hold time 
CAS pulse width 


CAS hold time for CAS before RAS 
refresh cycle 


CAS precharge time, fast-page 
cycle 


CAS precharge time, nonpage 
cycle 


CAS to RAS precharge time 
CAS hold time 


CAS setup time for CAS before 
RAS refresh cycle 


Data-in hold time 


Data-in hold time referenced to 
RAS 


Data-in setup time 

Output buffer turnoff delay 
Fast-page cycle time 

Access time from RAS 

RAS to column address delay time 
Row address hold time 


Column address lead time 
referenced to RAS (rising edge) 


RAS pulse width 

RAS pulse width, fast-page cycle 
Random read or write cycle time 
RAS to CAS delay time 


Read command hold time 
referenced to CAS 


Read command setup time 
Refresh period 

RAS precharge time 

RAS precharge CAS hold time 


Read command hold time 
referenced to RAS 


RAS hold time 


Symbol 


tar 


tacp 


tasc 
tasR 
tcac 


tCAH 
tcas 
tcHR 


tcp 


topn 


tcorp 
tcosH 
tosr 


tbH 
tbHR 


tos 

torr 
tpe 

trac 
tRAD 
tRAH 
tRAL 


tRas 
tRasP 
tac 
trop 
tRCH 


tres 
tREF 
tap 

tapc 
tRRH 


tRsH 


45 


15 


70 
70 
130 
20 


10 
10 


20 


20 


20 


10,000 


70 


10,000 
100,000 


Min 
60 


20 
60 


50 


17 
12 
45 


80 
80 
160 
25 


70 


10 


20 


-80 
Max 


45 


20 


20 


10,000 


20 


20 


35 


10,000 
100,000 


60 


Min 
70 


20 
25 
20 


20 
70 


°o 


17 
12 
55 


100 
100 
190 
25 
0 


80 
10 
10 


25 


-10 
Max 


55 


25 


25 


10,000 


25 


25 


45 


10,000 
100,000 


75 


Unit 


ns 


ns 


ns 


ns 
ns 


ns 


ns 


ns 


ns 
ns 


ns 


ns 


ns 


ns 
ns 
ns 
ns 
ns 
ns 


ns 


ns 
ns 
ns 
ns 


ns 


ns 
ms 
ns 
ns 


ns 


ns 


Test Conditions 


(Notes 7, 9) 


(Notes 7, 9) 


(Note 12) 


(Note 15) 


(Note 15) 
(Note 10) 
(Note 6) 
(Notes 7, 8) 
(Note 9) 


(Note 6) 
(Note 11) 
(Note 13) 


Addresses Ag - Ag 


(Note 13) 
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AC Characteristics 1 (MC-42256A36B/F, -424256A36BH/FH) (cont) 


-70 

Parameter Symbol Min ~- Max 
Rise and fall transition time tr 3 50 
Write command hold time twou 15 

_, Write command hold time twor 55 
referenced to RAS 
Write command setup time twos 0 
WE hold time tWHR 15 
Write command pulse width twp 15 


Notes: 


(1) 
(2) 


(3 
(4 


Se 


(5 


— 


(6 


~— 


re) 


~— 


(9) 
(10) 


All voltages are referenced to GND. 


An initial pause of 100 jis is required after power-up, followed by 
any eight RAS cycles, before proper device operation is 


_achieved. At the end of the initial power-up sequence, it is 


recommended that either a RAS-only refresh or a CAS before 
RAS refresh cycle be executed while WE = Vj; to ensure normal 
operation. - 


Ac measurements assume ty = 5 ns. 


Vin (min) and Vi (max) are reference levels for measuring the 
timing of input signals. Transition times are measured between 
Vin and Vi. 


loc: loca: loo4, and Io¢s depend on output loading and cycle 
tates. Specified values are obtained with the output open. Iocgg 
is measured assuming that all column address inputs are held at 
either a high level or a low level during RAS-only refresh cycles. 
Ioc4 is measured assuming that all column address inputs are 
switched only once during each fast-page cycle. 


The minimum specifications are used only to indicate the cycle 
time at which proper operation over the full temperature range 
(Ta = Oto + 70°C) is assured. 


Load = 2 TTL ¢-1 mA, +4 mA) loads and 100 pF. 


Assumes that tacop = trop (max) and trap = trap (max). If 
trop or trap is greater than the maximum recommended value 
in this table, tnac increases by the amount that tacp or trap 
exceeds the value shown. 


f trap = trap (max), then the access time is defined by ta. 


torr (max). defines the time at which the output achieves the 
open-circuit condition and is not referenced to Voy or Vo. 


DC Characteristics 2 (MC-424256A36B/F) 
Ta = Oto + 70°C; Veg = +5.0V +5% 


(11) 


(12) 


-10 
' Max Min Max Unit Test Conditions 
50 3 50 ns (Note 3) 
20 ns 
70 ns 
0 ns (Note 16) 
20 ns 
20 ns (Note 14) 
Operation within the tacp (max) limit assures that trac (max) 


can be met. taop (max) is specified as a reference point only; if 
tacp is greater than tacp (max), then access time is controlled 
exclusively by tcac. 


The torp requirement should be applicable for RAS/CAS cycles 
preceded by any cycle. 


(13) Either tary or tracy must be satisfied for a read cycle. 


(14) Parameter twp is applicable for a delayed write cycle such as a 


(18) 


(16) 


read-write/read-modify-write cycle. For early write operation, 
both twos and twop must be met. 


These parameters are referenced to the falling edge of CAS for 
early write cycles and to the falling edge of WE for delayed write 
or read-modify-write cycles. 


twos, trwo, tcwp, and tawp are restrictive operating parame- 
ters in read-write/read-modify-write cycles only. Iftwos = twes 
(min), the cycle is an early write cycle and the data output will 
remain open-circuit throughout the entire cycle. 


Iftowp 2 tcwp (min), tawp = tawp (min), and tawp = tawpb 
(min), the cycle is a read-write cycle and the data output will 
contain data read from the selected cell. If neither of the above 
conditions is met, the condition of the data output pin (at access 
time and until CAS returns to Vj) is indeterminate. 


(17) MC-424256A36BH/FH 


(18) 


MC-42256A36B/F 





Parameter " Symbol! Min Max 
Standby current loce 36 
8 
Input leakage current lia) * -120 120 
Output leakage current lowy -10 10 
Output voltage, low VoL 04 
Vou 2.4 


Output voltage, high 


Unit Test Conditions 

mA RAS = CAS = Vin (min) 

mA RAS = CAS = Veo - 0.2 V 

UA Vin = OV to Voc; 
all other pins not under test = 0V 

UA DQpo to DQ35 disabled; Voyt = 0 V to Voc 
lo. = 4.2mA 

V lon = -S5 mA 


NEC 


AC Characteristics 2 (MC-424256A36B/F) 
Ta = 0 to + 70°C; Vog = +5.0V +5% 


Parameter 


Operating current, average 


Operating current, RAS- only 
refresh cycle, average 


Operating current, fast-page 
cycle, average 


Operating current, CAS before 
RAS refresh cycle, average 


Column address hold time 
referenced to RAS 


Column address setup time 
Row address setup time 


Access time from CAS (falling 
edge) 


Column address hold time 
CAS pulse width 


CAS hold time for CAS before 
RAS refresh cycle 


CAS precharge time 


CAS precharge time, nonpage 
cycle 


CAS to RAS precharge time 
CAS hold time 


CAS setup time for CAS before 
RAS refresh cycle 


Data-in hold time 


Data-in hold time referenced to 
RAS 


Date-in setup time 

Output buffer turnoff delay 
Access time from RAS 
Row address hold time 
RAS pulse width 


Random read or write cycle 
time 


BAS to CAS delay time 


Read command hold time 
referenced to CAS 


Read command setup time 
Refresh period 
RAS precharge time 


Symbol 


loc 


loos 


loca 


loos 


tar 


tasc 
tasr 
toac 


tcaH 
tcas 
tcHR 


top 
topn 


torp 
tcsH 
tcsr 


tou 
toHR 


tps 
torr 
trac 
tRAH 
tras 
tre 


trop 
tReH 


tacs 
tREF 
trp 


Min 


55 


20 
40 
15 


20 
25 


10 
80 
10 


20 
60 


12 
80 
160 


20 


70 


-80 


Max 
960 


960 


916 


960 


20 


40 


10,000 


20 
80 


10,000 


40 


40 
15 


20 
25 


85 
10 


&1S8 


85 
165 


°o 


70 


Max 
808 


808 


764 


808 


20 


40 


10,000 


20 
85 


10,000 


45 


MC-42256A36, -424256A36 


65 


20 
50 
20 


40 
25 


10 
100 
10 


25 
75 


12 
100 
200 


20 


90 


Max 
680 


680 


660 


680 


25 


10,000 


25 
100 


10,000 


50 


Unit 
mA 


mA 


mA 


mA 


ns 


ns 
ns 


ns 


ns 


ns 


ns 


ns 


ns 
ns 


ns 


ns 


ns 


ns 
ns 
ns 


ns 


ns 


ns 


ns 


ns 


ns 


Test Conditions 
RAS and CAS cycling; 





tac = tac min; 

lo = O mA (Note 5) 

RAS cycling; CAS = Viy; 
tro = tao min; 


lo = 0 mA (Note 5) 


RAS < Vj; CAS cycling; 
tpc = tpo min; 
lo = 0 mA (Note 5) 


RAS cycling; CAS before 
RAS; tac = tac min; 
Io = O mA (Note 5) 


(Notes 7, 9) 


(Note 12) 


(Note 15) 


(Note 15) 
(Note 10) 
(Notes 7, 8) 


(Note 6) 


(Note 11) 
(Note 13) 


Addresses Ag - Ag 


MC-42256A36, -424256A36 
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AC Characteristics 2 (MC-424256A36B/F) (cont) 
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Parameter Symbol Min Max Min 
RAS precharge CAS hold time trpc 0) 0 
Read command hold time tRRH 10 10 
referenced to RAS 

RAS hold time trasH 40 40 
Rise and fall transition time ty 3 50 3 
Write command hold time twou 20 20 
Write command hold time twor 60 65 
referenced to RAS 

Write command setup time twos 0 0 
Write command pulse width twp 15 15 


“85 


-10 
Max Min Max Unit Test Conditions 
0 : ns 
10 ns . (Note 13) 
50 ns 
50 3 50 ns (Note 3) 
25 ns 
75 ns 
0 ns (Note 16) 
15 ns (Note 14) 





Notes: 


(1) 
(2) 


(3) 
(4) 


(5) 


(6) 


(8) 


© 


All voitages are referenced to GND. 


An initial pause of 100 ps is required after power-up, followed by 
any eight RAS cycles, before proper device operation is 
achieved. At the end of the initial power-up sequence, it is 
recommended that either a RAS-only refresh or a CAS before 
RAS refresh cycle be executed while WE = Vj, to ensure normal 
operation. 


Ac measurements assume ty = Sns. 


Vin, (min) and Vi, (max) are reference levels for measuring the 
timing of input signals. Transition times are measured between 
Vin and Vi. 


loci loca: loc4, and Ilocos depend on output loading and cycle 
rates. Specified values are obtained with the output open. Iocg 
is measured assuming that all column address inputs are held at 
either a high level or a low level during RAS-only refresh cycles. 
loc4 is measured assuming that all column address inputs are 
switched only once during each fast-page cycle. 


The minimum specifications are used only to indicate the cycle 
time at which proper operation over the full temperature range 
(Ta = Oto + 70°C) is assured. 


Load = 2TTL (-1 mA, +4 mA) loads and 100 pF. 


Assumes that tacp = tacp (max) and tran = trap (max). If 
trop or trap is greater than the maximum recommended value 
in this table, trac increases by the amount that tacp or trap 
exceeds the value shown. 


(9) 
(10) 


(11) 


(12) 


(13) 
(14) 


(15) 


(16) 


lftrap 2 trap (max), then the access time is defined by ta. 


torr (max) defines the time at which the output achieves the 
open-circuit condition and is not referenced to Voy or Vo. 


Operation within the tacp (max) limit assures that trac (max) 
can be met. trop (max) is specified as a reference point only; if 
trop is greater than tacp (max), then access time is controlled 
exclusively by tcac. 


The torp requirement should be applicable for RAS/CAS cycles 
preceded by any cycle. 


Either tray or tacH must be satisfied for a read cycle. 


Parameter twp is applicable for a delayed write cycle such as a 
read-write/read-modify-write cycle. For early write operation, 
both twos and two must be met. 


These parameters are referenced to the falling edge of CAS for 
early write cycles and to the falling edge of WE for delayed write 
or read-modify-write cycles. 


twes, tawo, tcwp, and tawp are restrictive operating parame- 
ters in read-write/read-modify-write cycles only. lftwos = twos 
(min), the cycle is an early write cycle and the data output will 
remain open-circuit throughout the entire cycle. 


If tcwo = town (min), tawo = trwp (min), and tawp = tawo 
(min), the cycle is a read-write cycle and the data output will 
contain data read from the selected cell. If neither of the above 
conditions is met, the condition of the data output pin (at access 
time and until CAS returns to Vj) is indeterminate. 


NV. E Cc MC-42256A 36, -424256A36 


Timing Waveforms 


Read Cycle 


DOoUT 


* These parameters are not applicable to the MC-424256A36B/F. 
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Timing Waveforms (cont) 


Early Write Cycle 
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Timing Waveforms (cont) 


Page/Fast-Page Read Cycle 











y | 
ute - a 


> torr - > i 





tOrF 







High Impedance 







Dout 





* These parameters are not applicable to the MC-424256A36BVF. 
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Timing Waveforms (cont) 


Page/Fast-Page Early Write Cycle 


* These parameters are not applicable to the MC-424256A36B/F. 


B3YL-84268 
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Timing Waveforms (cont) 


Hidden Refresh Cycle 





* These parameters are not applicable to the MC-424256A36. 
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Timing Waveforms (cont) 


RAS-Only Refresh Cycle 


tAPC 


High Impedance 


Dout 





Note: 
{1] Address = don't care. 
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Package Drawings 


72-Pin Socket-Mountable SIMM (MC-424256A36BH/FH) - 


Item Millimeters Inches Item __ Millimeters Inches 
A__ 107.95 +0.2 4.250 + .008 
B 101.19 +02 3.984 +.008 
F 0.75 min 029 min 
G 
H 
l 
J 
K 
L 





31.75 1.250 
§.28 max -208 max 
1.57 rad 062 rad 
3.17 dia 125 dla 
1.27 .050 
3.38 -133 
44.45 1.750 
6.36 .250 
95.25 +0.1 3.750 + .004 





10.16 
1.27 
6.35 
2.03 
6.35 
2.7_min 


X/Sl<[Clalolul/zi= 
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MC-42256A 36, -424256A36 NV. E Cc 


Package Drawings (cont) 


72-Pin Socket-Mountable SIMM (MC-42256A36B/F and MC-424256A36B/F) 


Item _Milllimeters Item _ Millimeters 
A 107.95 +0.2 
B 101.19 + 0.2 
F 0.75 min 
G 
H 
u 
J 
K 
L 


25.4 

§.28 max 
1.57 rad 
3.17 dla 
1.27 

3.38 

44.45 

6.36 

95.25 + 0.1 


10.16 
1.27 
6.35 
2.03 
6.35 
2.7 min 


xX/Sl<icialaljvijziz 


A 
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NEC MC-42256AA40 
| 262,144 x 40-Bit 


NEC Electronics Inc. Dynamic CMOS RAM Module 


Description Pin Configuration 





The MC-42256AA40 is a fast-page dynamic RAM mod- 72-Pin SIMM 
ule organized as 262,144 words by 40 bits and designed 
to operate from a single +5-volt power supply. Ad- 
vanced CMOS circuitry ensures minimum power dissi- 
pation and excellent operating margins. 


The three-state output is controlled by CAS indepen- 
dent of RAS. After a valid read or read-modify-write 
cycle, data is held on the output by holding CAS low. 
Data output is returned to high impedance by returning 
CAS high. Fast-page read and write cycles can be 
executed by cycling CAS. Refreshing is accomplished 
by means of RAS-only refresh cycles, CAS before RAS 
refresh cycles, hidden refresh cycles, or by the 512 
address combinations of Ag - Ag during an 8-ms period. 


Single Inline Memory Module (SIMM™) packaging en- 
hances reliability and reduces the size, weight and cost 
of a system. Each SIMM contains ten 262,144 x 4-bit 
puPD424256 DRAMs in SOJ packages, and ten power 
supply decoupling capacitors for noise reduction. DQy 
through DQgg are common input/output pins. 








Features . | 0Q27 | 
Qo 262,144-word by 40-bit organization at 
Q Single +5-volt power supply 159 | Voo | 
O Fast-page cycles | 60 | DQoq | 
2 Low power dissipation (55 mW max in standby) | 61 | DQ1g | 
c RAS-only refresh cycles | 62 | DQ39 | 
0 CAS before RAS refresh cycles | 63 | DQi4 | 
Q Hidden refresh cycles | 64 | G31 | 
O 512 refresh cycles every 8 ms Sos 
Q TTL-compatible inputs and outputs le7| Nc | 
O 72-pin SIMM packaging es | @nD | 

er 

| 71 | DQg9 | 





| 72 | GND | 





Notes: 
[1] Pins 69 and 70 are defined by access time: 


| Pin | 60ns | 70n ; | sons | 100ns_ 
{eo | ne | cnn | nc | ano | 
| 7o | nc} NC | GND | GND | 






83FM-6579A 


SIMM is a trademark of Wang Laboratories. 
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Connection Diagram Pin Identification 


Function 











Address inputs 





ee ee Column address strobe 
CAS RAS OF 


MO 





DQo-DQ3g_-~—«—« Common data inputs/outputs 

OE Output enable _ . 

Row address strobe 

WE Write enable 

GND. -—s«GGroundy— (=a (a ~~ 
+ 5-volt power supply 


No connection 





CAS RAS OE 
M6 


WE o——____> 
MO-M9 


Voc °—? me > | (wpD424256LA DRAMS) 


C9 
GND 





NV. KE Cc MC-42256AA40 


Ordering Information 











Part Number Access Time (max) Package Height Thickness ' DRAMs 
MC-42256AA40B-60 60 ns 72-pin socket-mountable 25.4 mm 5.08 mm Ten pPD424256LA 
B-70 70 ns “——~  SIMM (solder plating) (1.000 inch) (0.200 inch) 
B-80 80 ns ES 
B-10 100 ns 
MC-42256AA40F-60 60 ns 72-pin socket-mountable 
F-70 70 ns SIMM (gold plating) 
F-80 80 ns 
F-10 100 ns 
Absolute Maximum Ratings Recommended Operating Conditions 
Voltage on any pin relative to GND -1.0 to +7.0V Parameter Symbol Min Typ Max Unit 
Operating temperature, Topr Oto+70°C _Input voltage, high Vin 2.4 Voc + 1.0 V 
Storage temperature, TsTg -55 to + 125°C Input voltage, low Vit ~1.0 0.8 V 
Short-circuit output current, log 50 mA Supply voltage Voc 45 5.0 5.5 V 
Power dissipation, Pp 10 W Ambient temperature Ta 0 70 °C 





Exposure to Absolute Maximum Ratings for extended periods may 
affect device reliability; exceeding the ratings could cause perma- 
nent damage. The device should be operated within the limits 


Capacitance 
Ta = 25°C; f = 1 MHz 


specified under DC and AC Characteristics. Parameter Symbol Max Unit _ Pins Under Test 
Input CH 65 pF Ao - Ag 
capacitance Cp 70 pF WE, OF 
Cg 60 pF RAS 
Cig 60 pF CAS 
Input/output Cip/Cog 12 pF DQ6 - DQ39 


capacitance 


oO 


MC-42256AA40 N. EK C 


DC Characteristics 
Ta = 0 to +70°C; Veo = +5.0 V +10% 


Parameter Symbol Min Max Unit Test Conditions 








Standby current loce 20 mA RAS = CAS = Viq (min) 
10 mA RAS = CAS = Voc -0.2V 
Input leakage current W) ~100 100 HA Vin = OV to Voc; 
all other pins not under test = 0 V 
Output leakage current low) -10 10 UA DQo to DQgq disabled; Voyt = 0 V to Voc 
Output voltage, low Vor 0.4 V lo, = 4.2 mA 
Output voltage, high Vou 2.4 V lon = -5 mA 


AC Characteristics 
Ta = Oto +70°C; Vog = +5.0V £10% 





-60 -70 -80 “10 

Parameter Symbol Min Max Min Max Min Max Min Max Unit Test Conditions 

Operating current, loot 900 800 700 600 mA _ RAS and CAS cycling; 

average tac = trac min; (Note 5) 

Operating current, RAS- loca 900 800 700 600 mA RAS cycling; CAS = 

only refresh cycle, Vin: tac = tre min; 

average (Note 5) 

Operating current, fast- loca 800 ~ 700 600 500 mA RAS = Vj; CAS 

page cycle, average cycling; tpg = tpg min; 
(Note 5) 

Operating current, CAS loos 900 800 700 600 mA RAS cycling; CAS = 

before RAS refresh cycle, Vis tro = tre min; 

average (Note 5) 

Access time from column — tan 30 35 45 50 ns (Notes 7, 10, 13) 

address 

Access time from CAS tacp 35 40 40 55 ns _— (Notes 7, 13) 

precharge (rising edge) 

Column address hold tar 50 60 60 70 ns 

time referenced to RAS 

Column address setup tasc 0 20 0 20 0 20 0 20 ns (Note 13) 

time 

Row address setup time tasR te) 0 0 0 ns 

Column address to WE tawpD 50 55 65 80 ns (Note 18) 

delay time 

Access time from CAS tcac 20 20 20 4 25 ns (Notes 7, 9, 10, 13) 

(falling edge) 

Column address hold tcaH 15 16 16 20 ns 

time 

CAS pulse width tcas 20 10000 20 410,000 20 £410,000 25 £10,000 ons 

CAS hold time for CAS tcHR 15 15 15 20 ns 

before RAS refresh cycle 

CAS precharge time, fast- top 10 10 15 10 20 10 25 ns (Note 13) 

page cycle 

CAS precharge time, topn 10 10 10 10 ns 

nonpage cycle 

CAS to RAS precharge tore 10 10 10 10 ns (Note 14) 

time 





pS 
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AC Characteristics (cont) 











-60 -70 -80 -10 
Parameter Symbol Min Max Min Max Min Max Min Max Unit Test Conditions 
CAS hold time tosH 60 70 80 100 ns 
CAS setup time for CAS tosr 10 10 10 10 ns 
before RAS refresh cycle 
CAS to WE delay towp 40 40 45 55 ns (Note 18) 
Write command to CAS towL 15 15 20 20 ns 
lead time 
Data-in hold time too 15 15 20 20 ns (Note 17) 
Data-in hold time tpHR 50 60 60 70 ns 
referenced to RAS 
Data-in setup time tos 0 0 0 0 ns (Note 17) 
Access time from OE toEA 20 20 20 25 ns 
OE data delay time toeD 15 15 20 25 ns 
OE command hold time toEH 0 0 0 0 ns 
GE to RAS inactive setup _togs 0) 0) ) fe) ns 
time 
Output turnoff delay from — toez 0 15 0 15 0 20 0 25 ns (Note 11) 
OE 
Output buffer turnoff torr 0 15 0 15 0 20 0 25 ns (Note 11) 
delay 
Fast-page cycle time tpc 40 45 50 60 ns (Note 6) 
Fast-page read-write tprawc 85 90 105 125 ns 
cycle time : 
Access time from RAS trac 60 70 80 100 ns (Notes 7, 8) 
RAS to column address trap 15 30 15 35 17 40 17 45 ns (Note 10) 
delay time 
Row address hold time tRAH 10 10 10 12 ns 
Column address lead tRaL 30 35 45 55 ns 
time referenced to RAS 
(rising edge) 
RAS pulse width tras 60 10,000 70 10,000 80 £10,000 100 10,000 _ ns 
RAS pulse width, fast- trasp 60 100,000 70 100,000 80 100,000 100 100,000 ns 
page cycle 
Random read or write tro 120 130 160 190 ns (Note 6) 
cycle time 
RAS to CAS delay time tracb 20 40 20 50 25 60 25 75 ns (Note 12) 
Read command holdtime — tracy 0 0 0 0 ns _—_ (Note 15) 
referenced to CAS 
Read command setup tracs 0 0 0 0 ns 
time 
Refresh period tREF 8 8 8 8 ms Addresses Ap - Ag; 
64 ms for -L versions 
RAS precharge time tap 50 50 60 80 ns 
RAS precharge CAS hold tapco 10 10 10 10 ns 
time 
Read command holdtime — tary 10 10 10 10 ns (Note 15) 


referenced to RAS 


uo 
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(1) 
(2) 


(3) 
(4) 


(5) 


(6) 


(8) 


(9) 
(10) 
(11) 


(12) 


o 


All voltages are referenced to GND. 


An initial pause of 100 ps is required after power-up, followed by 
any eight RAS cycles, before proper device operation is 
achieved. 


Ac measurements assume ty = 5ns. 


Vin (min) and Vi_ (max) are reference levels for measuring the 
timing of input signals. Transition times are measured between 
Vin and Viz. 


loc1: loca: loca, and locg depend on output loading and cycle 
rates. Specified values are obtained with the output open. Iocg 
is measured assuming that all column address inputs are held at 
either a high level or a low level during RAS-only refresh cycles. 
loca is measured assuming that all column address inputs are 
switched only once during each fast-page cycle. 


The minimum specifications are used only to indicate the cycle 
time at which proper operation over the full temperature range 
(Ta= 0 to + 70°C) is assured, 


Load = 2 TTL (1 mA, +4 mA) loads and 100 pF. 


Assumes that tacp < trcp (max) and trap < trap (max). If 
trop or trap is greater than the maximum recommended value 


in this table, trac increases by the amount that tacp or trap 


exceeds the value shown. 
Assumes that tacp 2 tracp (max) and trap = trap (max). 
If trap = trap (max), then the access time is defined by tag. 


torr (max) and tog z (max) define the time at which the outputs 
achieve the open-circuit condition and are not referenced to Voy 
or VoL: 


Operation with the tacp (max) limit assures that trac (max) can 
be met. tacp (max) is specified as a reference point only; if tacp 
is greater than tacp (max), access time is controlled exclusively 
by tcac- 


AC Characteristics (cont) 
-60 -70 -80 -10 

Parameter Symbol. Min Max Min Max Min Max Min Max Unit Test Conditions 
’ RAS hold time tasy 20 20 20 25 ns 

Read-write cycle time tawe 165 175 215 255 ns (Note 6) 

RAS to WE delay tawp 80 90 105 130 ns _—_ (Note 18) 

Write command to RAS tRwe 20 20 25 30 ns 

lead time 

Rise and fall transition tr 3 50 3 50 3 50 3 50 ns (Note 4) 

time 

Write command hold twcoH 15 15 15 20 ns 

time 

Write command hold twor 50 55 55 70 ns 

time referenced to RAS 

Write command setup twos 0 0 0 0 ns _—_ (Note 18) 

time 

Write. command pulse twp 15 15 15 20 ns (Note 16) 

width 

Notes: 


(13) For fast-page read operation, the definition of access time is as 


follows: 





CAS and Column Address Access Time 


Input Conditions ‘Definition 
top = tcp (max), tasc 2 top tacp 
top = cp (max), tasc = top taaA 
tcp = cp (max), tasc = tasc (max) taa 
tcp = cp (max), tasc 2 tasc (max) tcac 


(14) The tcopp requirement should be applicable for RAS/CAS cycles 


preceded by any cycle. 


(15) Either tany or tacy must be satisfied for a read cycle. 


(16) Parameter twp is applicable for a delayed write cycle such as a 


read-write/read-modify-write cycle. For early write cycles, both 
twos and twou must be met. 


(17) These parameters are referenced to the falling edge of CAS for 


(18) 


early write cycles and to the falling edge of WE for delayed write 
or read-modify-write cycles. 


twes, tawo, tewp, and tawp are restrictive operating parame- 
ters in read-write/read-modify-write cycles only, If twcés = twos 
(min), the cycle is an early write cycle and the data I/O pins will 
remain open-circuit throughout the entire cycle. If towp = towp 
(min), tawo 2 tawp (min), and tawp 2 tawp (min), then the cycle 
is a read-write cycle and the data I/O pins will contain data read 
from the selected cells. If neither of the above conditions is met, 
the condition of the data I/O pins (at access time and unti! CAS 
returns to Vj})) is indeterminate. 
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Timing Waveforms (cont) 


Early Write Cycle 
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Timing Waveforms (cont) 


OE-Controlled Write Cycle 
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Timing Waveforms (cont) 


Read-Write/Read-Modify-Write Cycle 
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Timing Waveforms (cont) 
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Timing Waveforms (cont) 


Fast-Page Early Write Cycle 
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Timing Waveforms (cont) 


Fast-Page Read-Write/Read-Modify-Write Cycle 
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Timing Waveforms (cont) 


Hidden Refresh Cycle 
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Timing Waveforms (cont) 


RAS-Only Refresh Cycle 





Input/Output 


Note: WE and OE are "Don't Care.” 





CAS Before RAS Retresh Cycle 


High Impedance 
Input/Output _— 





Note: Address, WE, and OE are “Don't Care.” 
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Package Drawing 


72-Pin Socket-Mountable SIMM (MC-42256AA40B/F) 


ltem _Millimeters 
107.95 + 0.2 
101.19 + 0.2 
10.16 

3.17 

2.03 

25.4 

5.08 

3.18 dia 
1.27 
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NEC Electronics Inc. 


Description 


The MC-42512A3z2 is a fast-page dynamic RAM module 
organized as 524,288 words by 32 bits and designed to 
operate from a single +5-volt power supply. Advanced 
CMOS circuitry ensures minimum power dissipation 
and excellent operating margins. 


The three-state output is controlled by CAS indepen- 
dent of RAS. After a valid read or read-modify-write 
cycle, data is held on the output by holding CAS low. 
Data output is returned to high impedance by returning 
CAS high. Fast-page read and write cycles can be 
executed by cycling CAS. Refreshing is accomplished 
by RAS-only refresh cycles, CAS before RAS refresh 
cycles, hidden refresh cycles, or by the 512 address 
combinations of Ap-Ag during an 8-ms period. 


Single Inline Memory Module (SIMM™) packaging en- 
hances reliability and reduces the size, weight and cost 
of asystem. Each SIMM contains sixteen 262,144 x 4-bit 
UPD424256s in SOJ packages and sixteen power sup- 
ply decoupling capacitors for noise reduction. DQ; 
through DQ32 are common input/output pins. 


Features 


524,288-word by 32-bit organization 
Single +5-volt power supply 
Fast-page cycles 

Low power dissipation 

RAS-only refresh cycles 

CAS before RAS refresh cycles 
Hidden refresh cycles 

512 refresh cycles every 8 ms 
TTL-compatible inputs and outputs 
72-pin SIMM packaging 


poanaononvAooaAn g 


Pin Identification 


Name Function 

Ao - Ag Address inputs 

CASo - CAS3 Column address strobes 

DQ, - DQ39 Common data inputs/outputs 
RAS - RAS3 Row address strobes 

WE Write enable 

GND Ground 

Voc +5-volt power supply 


NC No connection 


60166-1 


MC-42512A32 
524,288 x 32-Bit 
Dynamic CMOS RAM Module 


Pin Configuration 


72-Pin SIMM 





SIMM is a trademark of Wang Laboratories. 
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MC-42152A32 Connection Diagram 
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MC-42512A32 
Ordering Information 
Part Number Access Time (max) Package Height (typ) | Thickness (typ) DRAMs 
MC-42512A32B-60 60 ns 72-pin socket-mountable 25.4 mm 9.0 mm Sixteen uPD424256LA 
B-70 70 ns SIMM (solder plating) (1.000 inch) (0.354 inch) 
B-80 ‘80 ns 
B-10 100 ns 
MC-42512A32F-60 60 ns 72-pin socket-mountable 
F-70 70 ns SIMM (gold plating) 
F-80 80 ns 
F-10 100 ns 
MC-42512A32BT-60 60 ns 72-pin socket-mountable 25.4 mm 4.1 mm Sixteen uPD424256GX 
BT-70 70 ns SIMM (solder plating) (1.000 inch) (0.161 inch) 
BT-80 80 ns 
BT-10 100 ns 
MC-42512A32F T-60 60 ns 72-pin socket-mountable 
FT-70 70 ns SIMM (gold plating) 
FT-80 80 ns 
FT-10 100 ns 


Absolute Maximum Ratings 

Voltage on any pin relative to GND -1.0 to +7.0V 
Operating temperature, Topr Oto +70°C 
Storage temperature, Tstg -55 to +125°C 
Short-circuit output current, log 50 mA 
Power dissipation, Pp 16 W 


Exposure to Absolute Maximum Ratings for extended periods may 
affect device reliability; exceeding the ratings could cause perma- 
nent damage. The device should be operated within the limits 
specified under DC and AC Characteristics. 


Recommended Operating Conditions 





Parameter Symbol Min Typ Max Unit 
Input voltage, high Vin 2.4 Voc + 1.0 V 
Input voltage, low ViL -1.0 0.8 V 
Supply voltage Voc 45 65.0 5.5 Vv 
Ambient temperature Ta 70 °C 
Capacitance 
Ta = 25°C; f = 1 MHz 
Parameter Symbol Max Unit Pins Under Test 
Input Cu 161 PF Ag-Ag 
capacitance Cp 193 pF WE 

Ci 62 pF RAS 

Cy 62 pF CAS 
input/output Cip/Cop 3=s 2 PF DQ, - DQ3o 


capacitance 


a 


MC-42512A32 NV. E Cc 


DC Characteristics 
Ta = Oto +70°C; Veo = +5.0 V 45% 





Parameter Symbol Min Max Unit Test Conditions 
Standby current loce 32 mA RAS = CAS = Viy (min) 

16 mA RAS = CAS = Voo-0.2V 
Input leakage current hy ~160 160 LA Vin = OV to Voc; 

all other pins not under test = 0V 

Output leakage current low -10 10 LA DQ, to DQg2 disabled; VoyT = OV to Voc 
Output voltage, low VoL 0.4 V lo. = 4.2 mA 
Output voltage, high Vou 2.4 V lon = -5 mA 





AC Characteristics 
Ta = 0 to +70°C; Voo = +5.0 V +5% 











-60 -70 -80 -10 

Parameter Symbol Min Max Min Max Min Max Min Max Unit Test Conditions 
Operating current, loc 780 700 620 540 mA _ RAS and CAS cycling; 
average tao = tro min; 

lo = O mA (Note 5) 
Operating current, RAS- loc3 780 700 620 540 mA RAS cycling; CAS = 
only refresh cycle, Vins 
average tro = tac min; 

lo = 0 mA (Note 5) 

Operating current, page loca 640 620 540 460 mA RAS < Vy; CAS 
cycle, average cycling; 

tpc = tpc min; 

lo = 0 mA (Note 5) 
Operating current, CAS locs 780 700 620 540 mA _ RAS cycling; CAS 
before RAS refresh cycle, before RAS; tro = 
average tro min; 

lo = 0 mA (Note 5) 
Access time from column = tan 30 35 40 55 ns (Notes 7, 9) 
address 
Column address hold tar 60 60 60 70 ns 
time referenced to RAS 
Access time from CAS tacp 35 40 45 55 ns (Notes 7, 9) 
precharge (rising edge) 
Column address setup tasc 0 ie) 0 0 ns 
time 
Row address setup time tasr 0 fe) 0 0 ns 
Access time from CAS toac 20 20 20 25 ns (Notes 7, 9) 
(falling edge) 
Column address hold tcaH 15 17 20 20 ns 
time 
CAS pulse width tcas 20 = 10,000 +3=620—Ss«‘10,000 = 20.Ss«d10,000 Ss 25—Ss«10,000—Ssons 
CAS hold time for CAS tour 15 15 15 20 ns 
before RAS refresh cycle 
CAS precharge time, fast- top 10 10 10 10 ns 


page cycle 


py 
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AC Characteristics (cont) 


Parameter 
CAS precharge time 


CAS to RAS precharge 
time 


CAS hold time 


CAS setup time for CAS 
before RAS refresh cycle 


Data-in hold time 


Data-in hold time 
referenced to RAS 


Data-in setup time 


Output buffer turnoff 
delay 


Page cycle time 
Access time from RAS 


RAS to column address 
delay time 


Row address hold time 


Column address lead 
time referenced to RAS 
(rising edge) 


RAS pulse width 


RAS pulse width, page 
cycle 


Random read or write 
cycle time 


RAS to CAS delay time 


Read command hold time 
referenced to CAS 


Read command setup 
time 


Refresh period 
RAS precharge time 


RAS precharge CAS hold 
time 


Read command hold time 
referenced to RAS 


RAS hold time 


Rise and fall transition 
time 

Write command hold 
time 


Write command hold 
time referenced to RAS 


Symbol 


topn 
torp 


tosH 
tosR 


toH 
toHR 


tos 
torr 


tpc 
trac 
tRaD 


tHAH 
tRAL 
tras 
tRasp 
tro 


trep 
tRCH 


tres 


tREF 
trp 
tapc 


taRH 


tRsH 
tT 


tweou 


twor 


40 


15 


10 


30 


60 


60 


120 


50 
10 


10 


20 


15 


55 


60 
35 


10,000 
100,000 


50 


50 


15 
60 


45 


70 
70 


10 


20 


15 


15 


70 


10,000 
100,000 


Min 


10 
10 


80 
10 


20 
60 


50 


17 


12 
45 


160 


25 


60 
10 


10 


20 


15 


55 


Max 


20 


80 
40 


10,000 
100,000 


60 


50 


25 
70 


60 


17 


12 


55 


100 


100 


190 


25 


80 
10 


10 


25 


20 


70 


-10 
Max 


25 


100 
45 


10,000 
100,000 


ri) 


50 


MC-42512A32 


Unit 
ns 


ns 


ns 


ns 


ns 


ns 


ns 


ns 


ns 
ns 


ns 


ns 


ns 


ns 


ns 


ns 


ns 


ns 


ns 


ns 


ns 


ns 


ns 


ns 


ns 


ns 


Test Conditions 


(Note 12) 





(Note 15) 


(Note 15) 
(Note 10) 


(Note 6) 
(Notes 7, 8) 
(Note 9) 


(Note 6) 


(Note 11) 
(Note 13) 


Addresses Ag - Ag 


(Note 13) 


(Note 3) 
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AC Characteristics (cont) 


-60 -70 
Parameter . Symbol Min. Max Min’ Max 
Write command setup twes 0 0 
time 
_ Write command pulse twp 15 15 
“. width 
Notes: 


(1) All voltages are referenced to GND. 


(2) An initial pause of 100 ps is required after power-up, followed by 
any eight RAS cycles, before proper device operation is 
achieved. 


(3) AC measurements assume ty = 5ns. 


(4) Vin (min) and Vi, (max) are reference levels for measuring the 
timing of input signals. Transition times are measured between 
Vin and Vii. 


(5) loc locos, loca, and Iocs5 depend on output loading and cycle 
rates. Specified values are obtained with the output open. Ioc3 

' is measured assuming that all column address inputs are held at 
either a high level or a low level during RAS-only refresh cycles. 


Ioc4 is measured assuming that. all column address inputs are. . 


switched only once during each fast-page cycle. 


(6) The minimum specifications are used only to indicate the cycle 
time at which proper operation over the full temperature range 
(Ta = Oto +70°C) is assured. 


(7) Load = 2 TTL (-1 mA, +4 mA) loads and 100 pF (Voy = 2.0V, 
Vot = 0.8 V). 


(8) Assumes that tacp = tacp (max) and trap <= trap (max). If 
trop or trap is greater than the maximum recommended value 
in this table, trac increases by the amount that tacp or trap 
exceeds the value shown. 


(9) If trap 2 trap (max), then the access time is defined by ta. 


NEC 


-80 -10 
Min |. Max. Min Max. Unit Test Conditions 
Oo. 0 ns (Note 16) 
15 20 ns (Note 14) 


(10) togr (max) defines the time at which the output achieves the 
open-circuit condition and is not referenced to Voy or VoL. 


(11) Operation within the tacp (max) limit assures that trac (max) 
can be met. taep (max) is specified as a reference point only; if 
tacp is greater than tacp (max), then access time is controlled 
exclusively by toac. 


(12) The topp requirement should be applicable for RAS/CAS cycles 
preceded by any cycle. 


(13) Either tary or tacy must be satisfied for a read cycle. 


(14) Parameter twp is applicable for a delayed write cycle such as a 
read-write/read-modify-write cycle. For early write operation, 
both twos and twcop must be met. 


(15) These parameters are referenced to the falling edge of CAS for 
early write cycles and to the falling edge of WE for meeved write 
or read-modify-write cycles. 


(16) twos, tawp town, and tawp are restrictive operating parame- 
ters in read-write/read-modify-write cycles only. Iftwos = twos 
(min), the cycle is an early write cycle and the data output will 
remain open-circuit throughout the entire cycle. Iftcwp = tcewo 
(min), tawp = tawp (min), and tawp = tawp (min), the cycle is 
a read-write cycle and the data output will contain data read 
from the selected cell. If neither of the above conditions is met, 
the condition of the data output pin (at access time and until 
CAS returns to Vip) is indeterminate. 
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Timing Waveforms 


Read Cycle 


DouT 


* These parameters are not applicable to the MC-424512A36B/F. 
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Timing Waveforms (cont) 


Early Write Cycle 





NEC MC-42512A32 


Timing Waveforms (cont) 


Fast-Page Read Cycle 
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Timing Waveforms (cont) 


Fast-Page Early Write Cycle 
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Timing Waveforms (cont) 


RAS-Only Refresh Cycle 






High Impedance 


ane 
tRPC 


High Impedance 
DouT 9 





Note: 
[1] Address = don't care. 
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Timing Waveforms (cont) 


Hidden Refresh Cycle 


CAS Before RAS Cycle CAS Before RAS Cycle 
tac tac 
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Package Drawing 


72-Pin Socket-Mountable SIMM (MC-42512A32B/F) 


tem  Millimeters 
A___ 107,95 +0.2 
B 101.19 + 0.2 
F 0.75 min 
G 
H 
I 
J 
K 
L 


10.16 
1.27 
6.35 
2.03 
6.35 
2.7 min 


Inches 
4.250 + .008 
3.984 + .008 
029 min 
400 
050 
.250 
.080 


Item _Millimeters 


X(Sl<[C]/ajalivi[zi= 


25.4 

9.0 max 
1.57 rad 
3.17 dia 
1.27 

3.38 

44.45 

6.36 

95.25 + 0.1 


Inches 
1.000 
354 max 
.062 rad 
.125 dla 
050 
133 


250 
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Package Drawing (cont) 





72-Pin Socket-Mountable SIMM (MC-42512A32B 1/F T) 


Item _Milllimeters Item _Miilimeters 
A 107.95 + 0.2 
B 101.19 +0.2 
F 0.75 min 
G 
H 
| 
J 
K 
L 


25.4 

4.1 max 
1.57 rad 
3.17 dla 
1.27 

3.38 

44.45 

6.36 

95.25 + 0.1 


10.16 
1.27 
6.35 
2.03 
6.35 
2.7 min 


X(Si<[Cl/4/Hiviz i= 
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Description 


The MC-42512A36 and the MC-424512A36 are dynamic 
RAM modules organized as 524,288 words by 36 bits 
and designed to operate from a single +5-volt power 
supply. Advanced CMOS circuitry ensures minimum 
power dissipation and excellent operating margins. 


The three-state output is controlled by CAS indepen- 
dent of RAS. After a valid read or read-modify-write 
cycle, data is held on the output by holding CAS low. 
Data output is returned to high impedance by returning 
CAS high. Page read and write cycles can be executed 
by cycling CAS. Refreshing is accomplished by means 
of RAS-only refresh cycles, CAS before RAS refresh 
cycles, hidden refresh cycles, or by the 512 address 
combinations of Ag through Ag during an 8-ms period. 


Single inline Memory Module (SIMM™) packaging en- 
hances reliability and reduces the size, weight, and 
cost of a system. Each SIMM contains 24 DRAMs and 
24 power supply decoupling capacitors. The comple- 
ment of DRAMs (uPD424256, 41256, 42256, 421000) and 
the operating mode (fast-page, page) are summarized 
below. 


DRAMs (Qty) 
256K x 4 256K x 1 


(16) (8) 
424256 42256 


(16) (8) 
424256 41256 


(16) (8) 
424256 421000 


Module 1IMx1 


MC-42512A36 
B/F (fast-page) 
MC-424512A36 
B/F (page) 


MC-424512A36 
BH/FH (fast-page) 


Features 


524,288-word by 36-bit organization 

Single +5-volt power supply 

Low power dissipation (252 mW max in standby) 
RAS- only refresh cycles 

CAS before RAS refresh cycles 

Hidden refresh cycles 

512 refresh cycles every 8 ms 

TTL-compatible inputs and outputs 

72-pin SIMM packaging 

Fast-page mode operation (MC-42512A36B/F and 
MC-424512A36BH/FH) 

QO Page mode operation (MC-424512A36B/F) 

SIMM is a trademark of Wang Laboratories. 


Boaoonononaaoda 
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MC-42512A 36, -424512A36 
524,288 x 36-Bit 
Dynamic CMOS RAM Module 


Pin Configuration 


72-Pin Socket-Mountable SIMM 





taal 
EJ 
56 | 
88 
| 99 
| 60 | 
61 | 
| 2 
| 63 | 
| 4 | 
65 | 
ca 
| 68 
68 | 


[1] Pins 69 and 70 are defined by access time: 





MC-42512A 36, -424512A36 NV. E C 


Ordering Information 








Part Number Access Time (max) Package Operation Height Thickness DRAMs 
MC-424512A36BH-70 70 ns 72-pin socket: Fast-page 31.75 mm 9.3 mm Sixteen 
BH-80 Sb ce mountable SIMM (1.25 inch) (0.366 inch) HPD424256LA 
—_—_—___________._ (solder plating) Eight 
BH-10 100 ns UPD421000LA 
MC-42451 2A 36FH-70 70 ns 72-pin socket- 
mountable SIMM 
Frie0 om (gold plating) 
FH-10 100 ns 
MC-42512A36B-70 70 ns 72-pin socket- Fast-page 25.4 mm 9.3 mm Sixteen 
B-80 80 a ~ mountable SIMM (1.00 inch) (0.366 inch) UPD424256LA 
(solder plating) Eight uPD42256L 
B-10 100 ns 
MC-42512A36F-70 ‘70 ns 72-pin socket- 
rt en ~~ mountable SIMM 
Ee ene (gold plating) 
F-10 100 ns 
MC-424512A36B-80 80 ns 72-pin socket- Page 25.4 mm 9.3 mm Sixteen 
B-85 85 ns mountable SIMM (1.00 inch) (0.366 inch) UPD424256LA 
(solder plating) Eight uPD41256L 
B-10 100 ns 
MC-424512A36F-80 80 ns 72-pin socket- 
cor... 6360Dv ee dsm ountable SIMM 
ines Sn (gold plating) 
F-10 100 ns 





Pin Identification 


Name Function 

Ao - Ag Address inputs 

CASp - CAS3 Column address strobes 

DQo - DQ35 Common data inputs/outputs 
RASp - RAS3 Row address strobes 

WE Write enable 

GND Ground 

Voc +5-volt power supply 

NC No connection 





nN 


E MC-42512A36, -424512A36 





Connection Diagram; MC-42512A36, -424512A36 


Used On 


uPD424256LA All 
»PD421000LA MC-424512A96BH/FH 
»PD42256LA MC-42512A36E/F 
»PD41256L MC-424512A36E/F 








MC-42512A36, -424512A36 




















Absolute Maximum Ratings Capacitance 
Voltage on any pin relative to GND . -1.0 to +7.0V Ty = 25°C; 1 = 9 Mite 
Operating temperature, Topr Oto +70°G Parameter Symbol Max Unit Pins Under Test 
Storage temperature, Tota —55to+125°0 «= Mput Cn Wales ea iia, 
betes hee anes capacitance C 193 F WE 
Short-circuit output current, los 50 mA 2 P 
Power dissipation, Pp  24W Ses a oe 
Exposure to Absolute Maximum Ratings for extended periods may C4 ce pF CAS 
affect device reliability; exceeding the ratings could cause perma- Input/output Cip/Cop 83s 29 PF DQ - DQz, DQg - 
nent damage. The device should be operated within the limits capacitance DQi6, DQyg - DQo5, 
specified under DC and AC Characteristics. DQo7 - DO34 
2 mantels Cp/Coo ~«3=—s- 89 PF DQg, DQy7, DQog, 
Recommended Operating Conditions DQ35 
Parameter Symbol Min Typ Max Unit 
Input voltage, high Vin 2.4 Voc + 1.0 V 
Input voltage, low Vit -1.0 0.8 V 
Supply voltage Voc 4.75 5.0 5.25 Vv 
Ambient temperature Ta 0 70 - °C 
DC Characteristics 1 (MC-42512A36B/F, -424512A36BH/FH) 
Ta = Oto +70°C; Vog = +5.0 V 5% 
Parameter Symbol Min Max Unit Test Conditions 
Standby current loce mA RAS = CAS > Vip (min) 
mA RAS = CAS 2 Voc -0.2V 
Input leakage current um) -240 240 uA Vin = 9 V to Voo; 
all other pins not under test = 0 V 
Output leakage current low -10 LA DQ to DQ35 disabled; Voyt = 0 V to Voc 
Output voltage, low VoL lo. = 4.2 mA 
Output voltage, high Vou 2.4 lon = -5 mA 
AC Characteristics 1 (MC-4251 2A36B/F, -424512A36BH/Fh) 
Ta = Oto +70°C; Veg = +5.0 V £5% 
-70 80 | — -10 
Parameter Symboi Min Max Min Max Min Max Unit Test Conditions 
Operating current, average loc (Note 17) 1040 910 780 mA RAS and CAS cycling; 
tro = tac min; 
loc1 (Note 18) 980 860 740 mA lo = 0 mA (Note 5) 
Operating current, RAS-only loca (Note 17) 1040 910 780 mA RAS cycling; CAS = Vin; 
refresh cycle, average tac = trac min; 
loos (Note 18)” 980 -- 860 740 mA lo = 0 mA (Note 5) 
Operating current, fast-page cycle, loca (Note 17) - 910 780 650. mA RAS < Vi; CAS cycling; 
average —— tpc = tpc min; 
loca (Note 18) 860 740 620 mA lo = 0 mA (Note 5) 
Operating current, CAS before locs (Note 17) 1040 910 780 mA RAS cycling; CAS before 
RAS refresh cycle, average rm RAS; tac = tac min; 
locs (Note 18) 980 860 740 mA lo = 0 mA (Note 5) 
Access time from column address taa 35 45 50 ns 





(Notes 7, 9) 
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AC Characteristics 1 (MC-42512A36B/F, -424512A36BH/FH) (cont) 


Parameter 


Column address hold time 
referenced to RAS 


Access time from CAS precharge 
(rising edge) 


Column address setup time 
Row address setup time 


Access time from CAS (falling 
edge) 


Column address hold time 
CAS pulse width 


CAS hold time for CAS before RAS 
refresh cycle 


CAS precharge time, fast-page 
cycle 


CAS precharge time 
CAS to RAS precharge time 
CAS hold time 


CAS setup time for CAS before 
RAS refresh cycle 


Data-in hold time 


Data-in hold time referenced to 
RAS 


Data-in setup time 

Output buffer turnoff delay 
Fast-page cycle time 

Access time from RAS 

RAS to column address delay time 
Row address hold time 


Column address lead time 
referenced to RAS (rising edge) 


RAS pulse width 

RAS pulse width, fast-page cycle 
Random read or write cycle time 
RAS to CAS delay time 


Read command hold time 
referenced to CAS 


Read command setup time 
Refresh period 

RAS precharge time 

RAS precharge CAS hold time 


Read command hold time 
referenced to RAS 


RAS hold time 


Symbol 


tar 


tacp 


tasc 
tasr 
toac 


tcAH 
tcas 
tcHr 


top 


topn 
tcrp 
tosH 
tcsr 


tou 


toHR 


tps 

torr 
tec 

tRac 
tRAD 
tRAH 
tRAL 


tRas 
tRasp 
tre 
trep 
tRCH 


traces 
tREF 
trp 

trapc 
trRH 


trsH 


60 


17 
20 
15 


15 
60 


45 


15 
10 
35 


70 
70 
130 
20 


60 
10 
10 


20 


-70 
Max 


40 


20 


10,000 


20 


70 
35 


10,000 
100,000 


50 


10 


10 
10 
80 
10 


o 


17 


45 


-80 
Max 


45 


20 


20 


10,000 


20 


80 
35 


10,000 
100,000 


60 


70 


20 
25 
20 


20 
70 


60 


17 
12 
55 


100 
100 
190 
25 
0 


80 
10 
10 


25 


-10 


Max 


55 


25 


25 


10,000 


25 


25 


100 
45 


10,000 
100,000 


75 


Unit 


ns 


ns 


ns 


ns 


ns 


ns 


ns 


ns 


ns 


ns 


ns 


ns 


ns 


ns 


ns 


ns 


ns 


ns 


ns 


ns 


ns 


ns 


ns 


ns 


ns 


ns 


ms 


ns 


ns 


ns 


ns 


Test Conditions 


(Notes 7, 9) 


(Notes 7, 9) 


(Note 12) 


(Note 15) 


(Note 15) 
(Note 10) 
(Note 6) 
(Notes 7, 8) 
(Note 9) 


(Note 6) 
(Note 11) 
(Note 13) 


Addresses Ag - Ag 


(Note 13) 
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AC Characteristics 1 (MC-42512A36B/F, -424512A36BH/FH) (cont) 


-70 
Parameter Symbol Min Max 
Rise and fall transition time tr 3 50 
Write command hold time twou 15 
Write command hold time twor 55 
referenced to RAS 
Write command setup time twos 0 
WE hold time twHR 15 
Write command pulse width twp 15 
Notes: 


(1) All voltages are referenced to GND. 


(2) An initial pause of 100 ys is required after power-up, followed by 
any eight RAS cycles, before proper device operation is 
achieved. At the end of the initial power-up sequence, it is 
recommended that either a RAS-only refresh or a CAS before 
RAS refresh cycle be executed while WE = Vj; to ensure normal 
operation. 


(8) Ac measurements assume ty = 5ns. 


(4) Vin (min) and Vi, (max) are reference levels for measuring the 
timing of input signals. Transition times are measured between 
Vin and Vjz. 


(5) loot: loos: loca, and ieee depend on output loading and cycle 
rates. Specified values are obtained with the output open. Ioo3 
is measured assuming that all column address inputs are held at 
either a high level or a low level during RAS-only refresh cycles. 
loc4 is measured assuming that all column address inputs are 
switched only once during each fast-page cycle. 


(6) The minimum specifications are used only to indicate the cycle 
time at which proper operation over the full temperature range 
(Ta = Oto + 70°C) is assured. 


(7) Load = 2 TTL (-1 mA, +4 mA) loads and 100 pF Voy = 2.0V, 
Vor = 0.8 V). 


(8) Assumes that tacp <= tacp (max) and trap < trap (max). If 
trop or trap is greater than the maximum recommended value 
in this table, thac increases by the amount that tacp or trap 
exceeds the value shown. 


(9) If trap = trap (max), then the access time is defined by taa. 


DC Characteristics 2 (MC- 424512A36B/F) 
Ta = Oto +70°C; Voc = +5.0 V +5% 


-80 -10 
Min Max Min Max Unit Test Conditions 
3 50 3 50 ns (Note 3) 
16 20 ns 
55 70 ns 
0 0 ns (Note 16) 
15 20 ns 
15 20 ns (Note 14) 


(10) torr (max) defines the time at which the output achieves the 
open-circuit condition and is not referenced to Voy or Voy. 


(11) Operation within the tacp (max) limit assures that trac (max) 
can be met. tacp (max) is specified as a reference point only; if 
trcp is greater than tacp (max), then access time is controlled 
exclusively by toc. 


(12) The topp requirement should be applicable for RAS/CAS cycles 
preceded by any cycle. 


(13) Either tany or taoy must be satisfied for a read cycle. 


(14) Parameter twp is applicable for a delayed write cycle such as a 
read-write/read-modify-write cycle. For early write operation, 
both twcs and twop must be met. 


(15) These parameters are referenced to the falling edge of CAS for 
early write cycles and to the falling edge of WE for delayed write 
or read-modify-write cycles. 


(16) twos; tawo: tewp, and tawp are restrictive operating parame- 
ters in read-write/read-modify-write cycles only. If twos = twos 
(min), the cycle is an early write cycle and the data output will 
remain open-circuit throughout the entire cycle. 


f tewp 2 town (min), tawo 2 tawp (min), and tawp = tawo 
(min), the cycle is a read-write cycle and the data output will 
contain data read from the selected cell. If neither of the above 
conditions is met, the condition of the data output pin (at access 
time and until CAS returns to Vj) is indeterminate. 


(17) MC-424512A36BH/FH 
(18) MC-42512A36B/F 





Parameter Symbol Min Max Unit Test Conditions 
Standby current loce2 mA RAS = CAS = Viy (min) 

mA RAS = CAS = Voc -0.2V 
input leakage current hay —-240 240 LA Vin = OV to Voc: 

ail other pins not under test = OV 

Output leakage current low) ~10 LA DQg to DQ35 disabled; Vout = OV to Voc 
Output voltage, low VoL V lo. = 4.2 mA 
Output voltage, high VoH 2.4 lon = -S mA 
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AC Characteristics 2 (MC-424512A36B/F) 
Ta = Oto + 70°C; Vog = +5.0V +5% 


Parameter 


Operating current, average 


Operating current, RAS-only 
refresh cycle, average 


Operating current, fast-page 
cycle, average 


Operating current, CAS before 
RAS refresh cycle, average 


Column address hold time 
referenced to RAS 


Column address setup time 
Row address setup time 


Access time from CAS (falling 
edge) 


Column address hold time 
CAS pulse width 


CAS hold time for CAS before 
RAS refresh cycle 


CAS precharge time (page 
mode) 


CAS precharge time, nonpage 
cycle 


CAS to RAS precharge time 
CAS hold time 


CAS setup time for CAS before 
RAS refresh cycle 


Data-in hold time 


Data-in hold time referenced to 
RAS 


Data-in setup time 

Output buffer turnoff delay 
Fast-page cycle time 
Access time from RAS 

Row address hold time 
RAS pulse width 


Random read or write cycle 
time 


RAS to CAS delay time 


Read command hold time 
referenced to CAS 


Read command setup time 


Symbol 


leet 


loca 


loca 


locs 


tan 


tasc 
tasr 
tcac 


tcaH 
tcas 
tcHR 


top 


tcopn 


tcrp 
tosH 
tcosr 


tbH 
tpHR 


tos 
torr 
tec 
trac 
tRAH 
tras 
tre 


taco 
tacu 


tres 


55 


20 
40 
15 


20 


25 


10 
80 
10 


20 
60 


70 


12 
80 
160 


20 


-80 


Max 
1024 


1024 


996 


1024 


20 


40 


10,000 


20 


80 


10,000 


40 


55 


40 
15 


25 


10 
85 
10 


als 


70 


12 
85 
165 


Max 
872 


872 


828 


872 


10,000 


20 


85 


10,000 


45 
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Min 


65 


20 
50 
20 


40 


25 


10 
100 
10 


25 
75 


100 


12 
100 
200 


20 


Max 
744 


744 


724 


744 


25 


50 


10,000 


25 


100 


10,000 


50 


Unit 
mA 


mA 


mA 


mA 


ns 


ns 
ns 


ns 


ns 
ns 


ns 


ns 


ns 


ns 
ns 


ns 


ns 


ns 


ns 
ns 
ns 
ns 
ns 
ns 


ns 


ns 


ns 


ns 


Test Conditions 

RAS and CAS cycling; 9g | 
tro = tro min; 

lo = O mA (Note 5) 

RAS cycling; CAS = Vin; 


tac = tro min; 
lo = O mA (Note 5) 


RAS < Vi_; CAS cycling; 


tpo = tpo min; 
lo = O mA (Note 5) 


RAS cycling; CAS before 
RAS; tac = tro min; 
lo = 0 mA (Note 5) 


(Notes 7, 9) 


(Note 12) 


(Note 15) 


(Note 15) 
(Note 10) 
(Note 6) 
(Notes 7, 8) 


(Note 6) 


(Note 11) 
(Note 13) 
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AC Characteristics 2 (MC-424512A36B/F) (cont) 


-80 

Parameter Symbol Min Max Min 
Refresh period treF 8 

RAS precharge time trp 70 70 
RAS precharge CAS hold time treo 0 0 
Read command hold time trraH 10 10 
referenced to RAS 

RAS hold time trsH 40 40 
Rise and fall transition time tr 3 50 3 
Write command hold time twcou 20 20 
Write command hold time twor 60 65 
referenced to RAS 
Write command setup time twos 0 0 
Write command pulse width twp 15 15 
Notes: 

(1) All voltages are referenced to GND. 

(2) An initial pause of 100 js is required after power-up, followed by 


(3) 
(4) 


(5) 


(6) 


(8) 


any eight RAS cycles, before proper device operation is 
achieved. At the end of the initial power-up sequence, it is 
recommended that either a RAS-onl ly refresh or a CAS before 
RAS refresh cycle be executed while WE = Vj, to ensure normal 
operation. 


Ac measurements assume ty = 5ns. 


Vin (min) and Vi_ (max) are reference levels for measuring the 
timing of input signals. Transition times are measured between 
Vin and Vic. 


loci, loos: loog, and loos depend on output loading and cycle 
rates, Specified values are obtained with the output open. Ioc3 
is measured assuming that all column address inputs are held at 
either a high level or a low level during RAS-only refresh cycles. 
loca is measured assuming that all column address inputs are 
switched only once during each fast-page cycle. 


The minimum specifications are used only to indicate the cycle 
time at which proper operation over the full temperature range 
(Ta = O to + 70°C) is assured. 


Load = 2TTL (-1 mA, +4 mA) loads and 100 pF Voy = 2.0V, 
VoL = 0.8 V). 


Assumes that tacp = trop (max) and trap = trap (max). If 
trop Or tpap is greater than the maximum recommended value 
in this table, tnac increases by the amount that tacp or trap 
exceeds the value shown. 


(9) 
(10) 


(11) 


(12) 


-10 
Max Min Max Unit Test Conditions 
8 8 ms Addresses Ag - Ag 
90 ns 
0 ns 
10 ns (Note 13) 
50 ns 
50 3 50 ns (Note 3) 
25 ns 
75 ns 
0 ns__. (Note 16) 
15 ns (Note 14) 
IftRap = trap (max), then the access time is defined by taa. 


torr (max) defines the time at which the output achieves the 
open-circuit condition and is not referenced to Voy or Vo;. 


Operation within the tacp (max) limit assures that trac (max) 
can be met. tacp (max) is specified as a reference point only; if 
tacp is greater than tacp (max), then access time is controlled 
exclusively by tcc. 


The tcrp requirement should be applicable for RAS/CAS cycles 
preceded by any cycle. 


(13) Either tany or tacy must be satisfied for a read cycle. 


(14) Parameter twp is applicable for a delayed write cycle such as a 


(15) 


(16) 


read-write/read-modify-write cycle. For early write operation, 
both twos and two must be met. 


These parameters are referenced to the falling edge of CAS for 
early write cycles and to the falling edge of WE for delayed write 
or read-modify-write cycles. 


twos: tawo, tewp, and tawp are restrictive operating parame- 
ters in read-write/read-modify-write cycles only. Iftwos = twos 
(min), the cycle is an early write cycle and the data output will 
remain open-circuit throughout the entire cycle. 


If tewo 2 tcwn (min), tawo 2 tawp (min), and tawp = tawo 
(min), the cycle is a read-write cycle and the data output will 
contain data read from the selected cell. If neither of the above 
conditions is met, the condition of the data output pin (at access 
time and until CAS returns to Vj4) is indeterminate. 
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Timing Waveforms 


Read Cycle 





( Valid Data 


* These parameters are not applicable to the MC-424512A36B/F. 
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Timing Waveforms (cont) 


Early Write Cycle 
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Timing Waveforms (cont) 


Page/Fast-Page Read Cycle 
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Timing Waveforms (cont) 


Page/Fast-Page Early Write Cycle 


*These parameters are not applicable to the MC-424512A36EVF. 


6311-66068 
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Timing Waveforms (cont) 
Hidden Refresh Cycle 


Memory Cycle CAS Before RAS Cycle CAS Before RAS Cycle 
tro tAC 





tras 


* These parameters are not applicable to the MC-424512A36. 
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Timing Waveforms (cont) 


RAS-Only Refresh Cycle 


tap 


High Impedance 


Note: 
[1] Address = don't care. 
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Package Drawings 


72-Pin Socket-Mountable SIMM (MC-424512A36BH/FH) 





Item _Millimeters Inches Item _Millimeters Inches 

107.95 +0.2 4.250 + .008 31.75 1.250 
101.19 +0.2 3.984 + .008 9.3 max 366 max 

0.75 min .029 min 1.57 rad .062 rad 

10.16 3.17 dia 125 dia 

1.27 1.27 .050 

6.35 3.38 133 

2.03 44.45 

6.35 6.36 250 

2.7 min 95.25 +0.1 


A 
B 
F 
G 
H 
| 

J 
K 
L 


x(Sl<iclalwlvizl= 
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Package Drawings (cont) 


72-Pin Socket-Mountable SIMM (MC-42512A36B/F and MC-424512A36B/F) 


Item  Miliilmeters Inches Item  Millimeters Inches 

107.95 +0.2 4.250 + .008 25.4 1.000 
101.19 +02 3.984 + .008 9.3 max 366 max 

0.75 min .029 min 1.57 rad 062 rad 

10.16 -400 3.17 dia 125 dia 

1.27 .050 1.27 050 

6.35 .250 3.38 133 

2.03 44.45 

6.35 .250 6.36 250 

2.7 min 95.25 + 0.1 


> 


B 
F 
G 
H 
| 
J 
K 
L 


KX/Sl<Cialojvjizis 
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Description 


The MC-42512AA40 and MC-42512AB 40 are fast-page 
dynamic RAM modules organized as 524,288 words by 
40 bits and designed to operate from a single +5-volt 
power supply. Advanced CMOS circuitry ensures min- 
imum power dissipation and excellent operating mar- 
gins. 


The three-state output is controlled by CAS indepen- 
dent of RAS. After a valid read or read-modify-write 
cycle, data is held on the output by holding CAS low. 
Data output is returned to high impedance by returning 
CAS high. Fast-page read and write cycles can be 
executed by cycling CAS. Refreshing is accomplished 
by RAS-only refresh cycles, CAS before RAS refresh 
cycles, hidden refresh cycles, or by the 512 address 
combinations of Ap - Ag during an 8-ms period for the 
MC-42512AA40. The MC-42512AB40 requires 1024 ad- 
dress combinations of Ag - Ag during a 16-ms period. 


Single Inline Memory Module (SIMM™) packaging en- 
hances reliability and reduces the size, weight, and 
cost of a system. 


Two versions of this SIMM module are available. The 
MC-42512AA40 is designed with twenty 262,144 x 4-bit 
UPD424256s in SOJ packages and 20 power supply 
decoupling capacitors for noise reduction. 


The MC-41512AB 40 is designed with five 524,288 x 8-bit 
uPD424800s in SOJ packages and five power supply 
decoupling capacitors for noise reduction. 


Features 


524,288-word by 40-bit organization 

Single +5-volt power supply 

Fast-page cycles 

Low power dissipation 

RAS-only refresh cycles 

CAS before RAS refresh cycles 

Hidden refresh cycles 

512 refresh cycles every 8 ms (MC-42512AA40); 
1024 refresh cycles every 16 ms (MC-42512AB 40) 
TTL-compatible inputs and outputs 

72-pin SIMM™ packaging 


gooodoaqanaodk 


ood 


SIMM is a trademark of Wang Laboratories. 


60170 


MC-42512AA40, -42512AB40 
524,288 x 40-Bit 
Dynamic CMOS RAM Module 


Pin Configuration 


72-Pin SIMM 





| Pin | 
| 20 | 
| 23 | 
| 24 | 
| 25 | 
| 26 | 
| 28 | 
| 29 | 
| 30 | 
| 33 | 
| 34 | 
| 35 | 
36 | 


Notes: 
[1] Pins 67-70 are defined by access time: 


[2] Signal assignments to pins 32, 43, and 45: 


| __Pin__| mc-azst2ando | Mc.42512AB40 | 
ee ee 


ee 
[as [asi iN 
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Pin Identification 








Name Function 

Ao ~ Ag Address inputs 

CAS - CAS, Column address strobes 

DQp - DQag Common data inputs/outputs 
RAS - RAS; Row address strobes 

WE Write enable 

GND Ground 

Voo +5-volt power supply 

NC No connection 





Ordering information 


Part Number Access Time (max) Package Height Thickness DRAMs 
MC-42512AA40B-70 70 ns 72-pin socket-mountable 25.4 mm (1.0 inch) 9.3 mm (0.366 inch) Twenty uPD424256LA 
B "80 ik) ae ae SIMM (solder plating) 
B-10 100 ns 
MC-42512AA40F-70 70 ns 72-pin socket-mountable 
F-80 a 80 << o SIMM (gold plating) 
F-10 100 ns 
MC-42512AB40B-70 70 ns 72-pin socket-mountable 25.4 mm (1.0 inch) 5.08 mm (0.2 inch) Five uPD424800LE’ 
B-80 80 ns SIMM (solder plating) 
B-10 100 ns 
MC-42512AB40F-70 70 ns 72-pin socket-mountable 
F-80 80 ns SIMM (gold plating) 
F-10 100 ns 





np 
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MC-42512AA40 Connection Diagram MC-42512AB40 Connection Diagram 


RASg O O RAS, 
GASo' © 


OE 0 o CAS; 


‘ CAS RAS OF 


DQ vO i CAS RAS OE 


Oo 
Mo 
Vg 


8 


yo, OE RAS CAS 
Voz mit 

VO3 

VO4 


oO 
O 
ai 
0000 


DOs , CAS RAS OE 
DQg 
DQ19 
DQ, 


vo 


VOo M2 
Og 
VO4 


Oo0od 


DQ17 0 vO; CAS RAS OE 
DQ13 O VOo 
DQ14 0 
DQi5 0 


M3 


, CAS RAS OF 


DQi¢ 0 
DQ17 0 
DQ1g 0 
DQ1g O 


DQg29 O 
DQ21 0 
DQ O 
DQ93 0 


DQo4 0 F vO OE RAS CAS 
DQgs5 0 VOo 
DQ26 O VO3g 
DQ97 O VO4 


M16 


DQog O 
DQag O 
DQgq O 
DQ31 O 


; CAS RAS OF 


DQ39 O 
DQg3 O 
DQ34 0 
DQ35 0 


MO-M4 = .PD424800LE. 


Ag-Ag O19 —_»> 
WE O—______> 
Voc es EEL ae M0-M4 
MO-M19 = uPD424256LA. C0-C4 
GND O—+—___> 


DQgg O 
DQ37 O 
DQ3g O 
DQa9 © 





Ag-Ag O94 —> 
WE O——_-—___> 
Vee 69 MO-M19 
Co-C19 
GND Ob» 83FM-8124A 
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Recommended Operating Conditions 


Absolute Maximum Ratings 








ay 


Parameter Symbol Min Typ Max - Unit Notes Voitage on any pin relative to GND -1.0 to +7.0V 
Input Vin 2.4 Veco + 10 V Operating temperature, Topp 0 to + 70°C 
ae Storage temperature, TsTg ~55 to + 125°C 
Input Vi 1.0 08 Vv Short-circuit output current, log 50 mA 
voltage, low Power dissipation, Pp (MC-42512AA40) 20 W 
.. Supply Voc 45 5.0 5.5 V MC-42512AA40 Power dissipation, Pp (MC-42512AB40) = 5W 
voltage 
“Supply Wee 475 50 525 VY MC-42512AB40 ae to Absolute Manu aa for eet periods may 
voltage affect device reliability; exceeding the ratings could cause perma- 
nent damage. The device should be operated within the limits 
Ambient Ta . 0 70 °C specified under DC and AC Characteristics. 
temperature 
Capacitance 
Ta = 25°C; f = 1 MHz _ 
Parameter Symbol MC-42512AA40 (max) MC-42512AB40 (max) Unit . Pins Under Test 
Input capacitance Ci 110 35 pF Ao - Ag 
Cro 130 45 pF WE, OE 
Cig 60 40 pF RAS 
Cu 60 40 pF CAS 
Input/output capacitance Ciop/Coo 20 12 pF DQ - DQgq 


NEC 


DC Characteristics, MC-42512AA40 
Ta = 0 to +70°C; Vog = +5.0 V £10% 
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-70 -80 -10 

Parameter Symbol Min Max Min Max Min Max Unit Test Conditions 
Operating current, average lect 960 840 720 mA RAS and CAS cycling; 

tac = tac min; (Note 5) 
Standby current loc2 40 40 40 mA RAS = CAS = Vin 

20 20 20 mA RAS = CAS = Vog-0.2V 

Operating current, RAS-only loc3 960 840 720 mA RAS cycling; CAS = Vj; 
refresh cycle, average tro = trac min; (Note 5) 
Operating current, fast-page leca 820 720 620 mA _ RAS = Vi; CAS cycling; 
cycle, average tpc = tpc min; (Note 5) 
Operating current, CAS before loos 960 840 720 mA RAS cycling; CAS = Vi,; 
RAS refresh cycle, average tac = tac min; (Note 5) 
Input leakage current Iu —200 200 ~-200 200 #£~200 200 HA Vin = 0 to 5.5 V; all other pins 

not under test = OV 
Output leakage current low) -10 10 -10 10 ~10 10 LA Dout disabled; 

Vout = 0to 5.5V 
Output voltage, low VoL 0.4 0.4 0.4 lol = 4.2 mA 
Output voltage, high VoH 2.4 2.4 2.4 lon = —5 mA 
DC Characteristics, MC-42512AB40 
Ta = Oto +70°C; Vog = +5.0 V 5% 

-70 ~80 -10 

Parameter Symbol Min Max Min Max Min Max Unit Test Conditions 
Operating current, average loot 525 475 400 mA RAS and CAS cycling; 

tac = trac min; (Note 5) 
Standby current loce 10 10 10 mA RAS = CAS = Vin 

5 5 5 mA RAS = CAS = Voc - 0.2 V 

Operating current, RAS-only loc3 525 475 400 mA RAS cycling; CAS = Vin; 
refresh cycle, average tac = tac min; (Note 5) 
Operating current, fast-page loca 400 350 300 mA RAS = Vi; CAS cycling; 
cycle, average tpce = tpco min; (Note 5) 
Operating current, CAS before loos 525 475 400 mA RAS cycling; CAS = Vj; 
RAS refresh cycle, average trac = tac min; (Note 5) 
Input leakage current hy -50 50 —-50 50 -50 50 LA Vin = 0 to 5.5 V; all other pins 

not under test = OV 
Output leakage current low.) -10 10 —10 10 -10 10 LA Dourt disabled; 

Vout = 0 to 5.5 V 
Output voltage, low VoL 0.4 0.4 0.4 lol = 4.2 mA 
Output voltage, high VoH 2.4 2.4 2.4 lon = -5 mA 


MC-42512AA40, -42512AB40 


AC Characteristics 


Ta = 0 to + 70°C; Vog = +5.0V +10% (AA40) or +5% (AB40) 


Parameter 

Access time from column address 
Access time from CAS precharge 
(rising edge) 

Column address setup time 

Row address setup time 

Column address to WE delay time 


Access time from CAS 
(falling edge) 


Column address hold time 


CAS pulse width 


CAS hold time for CAS before RAS 
refresh cycle 


CAS to output in low-Z 

CAS precharge time, fast-page cycle 
CAS precharge time, nonpage cycle 
CAS to RAS precharge time 

CAS hold time 


CAS setup time for CAS before RAS 
refresh cycle 


CAS to WE delay 


Write command to CAS lead time 
Data-in hold time 


Data-in hold time referenced to RAS 
Data-in setup time 

Access time from OE 

OE data delay time 

OE command hold time 

OE to RAS inactive setup time 
Output turnoff delay from OE 
Output buffer turnoff delay 

OE to output in low-Z 

Fast-page cycle time 


Fast-page read-write cycle time 


Access time from RAS 


RAS to column address delay time 


-70 
Symbol Min Max Min 
taa 35 
tacp 40 
40 
tasc 0 10 
tasr 
tawo 55 65 
toac 20 
tcaH 16 16 
15 15 
tcas 20 10,000 20 
tour 15 15 
toLz 0 0 
top 10 15 10 
topn 10 10 
tcorp 10 10 
tesH 70 80 
tosr 10 10 
towo 40 45 
towL 15 20 
15 15 
toy 15 20 
15 15 
tpHR 60 60 
_ tos 0 0 
toEA 20 
toeD 15 20 
toEH 0 0 
toes 0 0 
toEz 0 15 ce) 
torr 0 15 te) 
toiz 0 0 
tpc 45 50 
tpRwc 90 105 
90 100 
trac 70 
tRAD 15 35 17 
15 35 17 


40 
40 
45 
15 


20 


10,000 


20 
20 


80 
40 
40 


80 


20 
20 
25 
20 


55 
20 
20 
20 
20 
70 


Max 
50 
55 
45 
20 


25 


10,000 


20 


25 


25 
25 


100 
45 


Unit 
ns 
ns 
ns 
ns 
ns 
ns 


ns 


ns 
ns 
ns 


ns 


ns 
ns 
ns 
ns 
ns 


ns 


ns 
ns 
ns 
ns 
ns 
ns 
ns 
ns 
ns 
ns 
ns 
ns 
ns 
ns 
ns 
As 
ns 
ns 
ns 


ns 


NEC 


Test Conditions 
(Notes 7, 8, 11) 
(Notes 7, 11, 18) 
(Notes 7, 11, 19) 
(Note 9) 


(Note 16) 
(Notes 7, 8, 11) 


(Note 18) 
(Note 19) 


(Notes 4, 19) 
(Note 9) 


(Note 12) 


(Note 16) 
(Note 18) 
(Note 19) 
(Notes 15, 18) 
(Notes 15, 19) 
(Note 18) 
(Note 15) 


(Note 10) 
(Note 10) 
(Notes 4, 19) 
(Note 6) 
(Note 18) 
(Note 19) 
(Notes 7, 8) 
(Notes 9, 18) 
(Notes 9, 19) 
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AC Characteristics (cont) 














-70 -80 -10 
Parameter Symbol Min Max. Min Max Min Max Unit Test Conditions 
Row address hold time tray 10 10 12 ns (Note 18) 
10 12 12 ns (Note 19) 
Column address lead time referenced tRaL 35 45 55 ns (Note 18) 
to RAS (rising edge) 35 40 50 ns (Note 19) 
RAS pulse width tras 70 10,000 80 10,000 100 10,000 ns 
RAS pulse width, fast-page cycle trasp 70 ~=©100,000 80 100,000 100 100,000 ns (Note 18) 
70 125,000 80 125,000 100 125,000 ns (Note 19) 
Random read or write cycle time tro 130 160 190 ns (Notes 6, 18) 
140 160 190 ns (Notes 6, 19) 
RAS to CAS delay time trop 20 50 25 60 25 75 ns _—_ (Note 9) 
Read command hold time referenced tron 0 ce) fe) ns (Note 13) 
to CAS 
Read command setup time tacs 0 0 0 ns 
Refresh period tReF 8 8 8 ms Addresses Ag - Ag 
(Note 18) 
16 16 16 ms Addresses Ag - Ag 
(Note 19) 
RAS precharge time trp 50 60 80 ns (Note 18) 
60 70 80 ns __ (Note 19) 
RAS precharge CAS hold time trpc 10 10 10 ns 
Read command hold time referenced trRH 0 0 10 ns (Notes 13, 18) 
qOFAS 10 10 10 ns __ (Notes 13, 19) 
RAS hold time trsH 20 20 25 ns 
Read-write cycle time tawe 175 215 255 ns (Notes 6, 18) 
185 210 250 ns (Notes 6, 19) 
RAS to WE delay trwo 90 105 130 ns (Note 16) 
Write command to RAS lead time taWL 20 25 30 ns _ (Note 18) 
20 20 25 ns (Note 19) 
Rise and fall transition time tr 3 50 3 50 3 50 ns (Note 4) 
Write command hold time twou 1 15 20 ns 
Write command hold time referenced twer 55 55 70 ns (Note 18) 
to RAS 
Write command setup time twes 0 fe) 0 ns (Note 16) 
Write command pulse width twp 15 15 20 ns (Note 14) 
Notes: 
(1) All voltages are referenced to GND. (4) Vin, (min) and Vj. (max) are reference levels for measuring the 
(2) An initial pause of 100 ps is required after power-up, followed by timing of input signals. Transition times are measured between 
any eight RAS cycles, before proper device operation is Vin and Vi. 
achieved. It is recommended that when using the MC- 5) lect, lecs loca, and legs depend on output loading and cycle 
42512AB40, either a RAS-only refresh or a CAS before RAS rates. Specified values are obtained with the output open. Ioo3 
refresh cycle be executed while WE = Vj, to ensure normal is measured assuming that all column address inputs are held at 
operation. either a high level or a low level during RAS-only refresh cycles. 


loca is measured assuming that all column address inputs are 


3) Ac measurements assume ty = 5ns. 
8) i switched only once during each fast-page cycle. 


™N 
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NEC 





AC Characteristics (cont) 





(6) 


(7) 
(8) 


(9) 


The minimum specifications are used only to indicate the cycle 
time at which proper operation over the full temperature range 
(Ta= 0 to + 70°C) is assured. 








Load = 2 TTL (-1 mA, +4 mA) loads and 100 pF. 

For random read cycles, access time is defined as follows: 
Access 

Input Conditions Time 

trap = trap (max) and tacp = trcp (max) trac 

trap 2 trap (max) and tasc = tasc (max) taa 

trap 2 trap (max) and tagc = tasc (max) tcac 


The above access times assume that OE has been active tor, 
(min) prior to when data is expected on the output. 


tasc (max), tcp (max), trap (max), and tacp (max) are specified 
as reference points for determination of access time. They are not 
restrictive operating parameters. 


(10) torF (max) and toez (max) define the time at which the outputs 


achieve the open-circuit condition and are not referenced to Voy 
or Vo. 


(11) For fast-page read operation, the definition of access time is as 





follows: 

CAS and Column Address Access Time 
Input Conditions Definition 
top = tcp (max), tasc 2 top tacp 
top = top (max), tasc = tcp taA 

tcp 2 tcp (max), tasc = tasc (max) tAA 

top = tcp (max), tasc = tasc (max) tcac 





(12) The topp requirement should be applicable for RAS/CAS cycles 
preceded by any cycle. 


(13) Either tany or tacy must be satisfied for a read sale: 


(14) Parameter twp is applicable for a delayed write cycle such as a 
read-write/read-modify-write cycle. For early write syle both 
tweos and twou must be met. 


(15) These parameters are referenced to the falling edge of CAS for 
early write cycles and to the falling edge of WE for delayed write 
or read-modify-write cycles. 


(16) twos, tawo, towp, 2nd tawp are restrictive operating parame- 
ters in read-write/read-modify-write cycles only. If twos = twos 
(min), the cycle is an early write cycle and the data I/O pins will 
remain open-circuit throughout the entire cycle. If towp 2 towp 
(min), tawp 2 tawp (min), and tawp = tawp (min), then the cycle 
is a read-write cycle and the data I/O pins will contain data read 
from the selected cells. If neither of the above conditions is met, 
the condition of the data I/O pins (at access time and until CAS 
returns to Vj;,) is indeterminate. 


(17) A test mode may be inadvertently initiated during power-up 
because external control of signal lines is very difficult during 
this period. Itis therefore recommended that while WE is held at 
Vin» either a RAS-only or CAS before RAS refresh cycle should 
be executed any time after the end of the initial power-up 
sequence to ensure normal device operation. 


(18) Applicable to the MC-42512AA40 only. 
(19) Applicable to the MC-42512AB40 only. 


NEC 


Timing Waveforms 


Read Cycle 


Address 


Input/Output 


MC-42512AA40, -42512AB40 
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Timing Waveforms (cont) 


Early Write Cycle 


ay 


XX RX A AMAAAA/ 
Address NV, \ OY 


Note: 
[1] OE = don't care. 
83YL-8119B 
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Timing Waveforms (cont) 


Late Write Cycle 








® LLMMMMMULLLLL) _ 







'DH 


POT VY NY nn 






MC-42512AA40, -42512AB40 N: EF C 


Timing Waveforms (cont) 


Read-Write/Read-Modify-Write Cycle 


tRWL 


twe—> 


* TEED * VT, 


| 
AA tOEH 


toED 
; a tCAC 
High Impedance f K } Ny 
| XXF 
es 
>| toLz 
teLz 


Input/Output 
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Timing Waveforms (cont) 


Fast-Page Read Cycle 


Address 


ICA 1OEZ 'OEA OEZ 'OEz 
tRAC tOFF tCAC TOFF ‘CAG tOFF 


I | 
| AN | YW 
| 


High 

High Impedan | | | ; 

Input/Output ————— ‘> Valid Data-out (x Valid Data-out |) iy Valid Data-out }mpedance 
toLz 


tOLz toLz 


tCLz teLz ICLZ 
83VB-6786B 
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Timing Waveforms (cont) 


Fast-Page Early Write Cycle 


iN 


tRAD tASC 


TASR tcAH tasc tcaH  'ASC 


'RAH 
wows BX = XY oor MK 


Input/Output 


(1] OE = don't care. 
83YL-69818 
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Timing Waveforms (cont) 


Fast-Page Late Write Cycle 


4 (i 
kK TCWL <> tCWL | aus 
tWCH tWCH tRcs TCWL 


twp 


= e—twor 
MUA i" fF XW. 


tWCR 
tOEH 'OEH 


tDHR 
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Timing Waveforms (cont) 


Fast-Page Read-Write/Read-Modify-Write Cycle 


'cRP tRCD 


TRAD 
tASR é tCAH 


tRAH tasc 


Address 


ane Le 
«WU | A, ya. 


| MMA 


TOEA 


tcac H 


| ‘ 
! | : High Impedan 
inpugOUtLe High Impedance {) {Paw ) roe) CH cain } igh Impedance 


toLz toLz 
teLz | toEz toez 


TRAC 
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Timing Waveforms (cont) 


Hidden Refresh Cycle 


Read Memory Cycle Ren cae. CAS Before RAS Refresh Cycle 


tro tRC tRc 
tRAS tras tRAS 





IRSH 


tap 
tcRP 
tasc | | 


tRAH tCAH 


tASR TRAD | i | 


Address XX) { row KM Column XXX es 


ele | | 


S 


WE 
[Note 2} 
toes | 


tWHR | 


lOFF 


'OEZ 


High 
Input/Output {) ( Valid Data-out , Impedance 


Notes: 
{1] Applies only to MC-42512AA40. 
[2] Applies only to MC-42512AB40. 
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Timing Waveforms (cont) 


RAS-Only Refresh Cycle 


tRP 
tRPC 


AUN 


Input/Output 


Notes: 
[1] WE = OE = don't care. 





CAS Before RAS Refresh Cycle 


RP 


X// 


non] ftw | 
woos NOAA 


High Impedance 


Input/Output 


Note: 
[1] WE is a don't care for the MC-42512AA40. 
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Package Drawings 


72-Pin Socket-Mountable SIMM (MC-42512AA40) 


Item  Millimeters Inches 
A 107.95 +0.2 4.250 +.008 
B 101.19 +0.2 3.984 +.008 a 


10.16 .400 
3.17 125 
2.03 .080 
25.4 1.000 
9.3 366 
3.18 dia 125 dia 
1.27 


ntl 





leeds eset 





MC-42512AA40 83FM-81 26B (9/91) 
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Package Drawings (cont) 





4+/HIZ{,Szle]—-iOiwml> 


107.95 +0.2 
101.19 +0.2 
10.16 . 
6.35 

2.03: 

25:4 

5.08 max 
3.18 dia 
1.27 


72-Pin Socket-Mountable SIMM (MC-42512AB40) 


Inches 
4.250 + .008 
3.984 + .008 
-400 
-250 
.080 
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DRAM Modules 
1M/2M xn 








Video RAMs [ape 


Synchronous DRAM 















































DRAM Modules (1M/2M x n) NV E C 


Section 10 

‘DRAM Modules (1M/2M x n) 
MC Organization Features 
-421000A8 1Mx8 Fast-page 10a 
-421000A9 iMx9 Fast-page 10b 
-421000A32 1M x 32 Fast-page 10c 
-421000A36 1M x 36 Fast-page 10d 
-421000AA 40, 1M x 40 Fast-page 10e 
-421000AB 40 — “ 
-422000A32 2M x 32 Fast-page 10f 
-422000A36 2M x 36 Fast-page 10g 


-422000AA40 2M x 40 Fast-page 10h 


NEC MC-421000A8 
; 1,048,576 x 8-Bit 


NEC Electronics Inc. Dynamic CMOS RAM Module 


Description Pin Configurations 


The MC-421000A8 is a fast-page 1,048,576-word by 39. pin Socket-Mountable SIMM (MC-421000A8: 
8-bit dynamic RAM module designed to operate froma — oysfgix B, F. BA, FA, BB, FB) 


single +5-volt power supply. Refreshing is accom- 
plished by means of RAS-only refresh cycles, hidden 
refresh cycles, CAS before RAS refresh cycles, or by 
normal read or write cycles. 


The MC-421000A8 is available with eight uPD421000 
DRAMs (1M x 1) or two pPD424400 DRAMs (1M x 4) ina 
variety of 30-pin Single Inline Memory Modules 
(SIMMs™). 


Features 


QO 1,048,576-word by 8-bit organization 

O Single +5-volt power supply 

O Eight 1M DRAMs or two 4M DRAMs in a 30-pin 
SIMM package 

O Low power dissipation 

Q TTL-compatible inputs and outputs 

0 Fast-page option 


Pin Identification 


Symbol ‘Function 

Ao - Ag Address inputs 

VO, - Og Common data inputs/outputs 8 
RAS Row address strobe 7 
CAS Column address strobe 6 
WE Write enable : 
GND Ground 3 
Voc +5-volt power supply - 
NC No connection . 





SIMM is a trademark of Wang Laboratories. 


60077-1 
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Ordering Information, Modules With Eight 1M x 1 DRAMs 





Part Number Access Time (max) Package Height Thickness DRAMs 

MC-421000A8B-60 60 ns 30-pin socket-mountable 20 mm §.28 Eight wPD421000LA 
B7O.. Ons SIMM (solder plating) (0.787 inch) (0.208 inch) : 
B-80 - 80 Tis 

MC-421000A8F-60 60ns 30-pin socket-mountable 
F70..  7Ons SIMM (gold plating) 


F-80 80 ns 





Ordering Information, Modules With Two 1M x 4 DRAMs 


Part Number -Access Time (max) Package Height Thickness © DRAMs 
MC-421000A8BA-60 60 ns 30-pin socket-mountable 16.67 mm 5.28 mm Two pPD424400LA 
BA-70 70 ns SIMM (solder plating) (0.656 inch) (0.208 inch) 
BA-80 80 ns 
MC-421000A8FA-60 60 ns 30-pin socket-mountable 
FA-70 70 ns SIMM (gold plating) 
FA-80 80 ns 
MC-421000A8BB-60 60 ns 30-pin socket-mountable 
BB-70 70 ns SIMM (solder plating) 
BB-80 80 ns 
MC-421000A8FB-60 60 ns 30-pin socket-mountable 
FB-70 ; 70 ns SIMM (gold plating) 
FB-80 80 ns 


nr 
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Connection Diagram; Modules With Eight 1M x 1 DRAMs 





DIN 
L Vcc GND 
Ao 


DIN 
l Vcc GND 


C1 through C8 
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Connection Diagram; Modules With Two 1M x 4 DRAMs 
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Absolute Maximum Ratings 
Voltage on any pin relative to GND -1.0 to +7.0V 





Operating temperature, Topr 0 to +70°C 
Storage temperature, Tste -55 to +125°C 
Short-circuit output current, log 50 mA 
Power dissipation, Pp 
Modules with eight 1M x 1 DRAMs 8.0 W 
Modules with two 1M x 4 DRAMs 2.0 W 


Exposure to Absolute Maximum Ratings for extended periods may 
affect device reliability; exceeding the ratings could cause perma- 
nent damage. The device should be operated within the limits 
specified under DC and AC Characteristics. 


Recommended Operating Conditions 


Parameter Symbol Min = Typ Max Unit Test Conditions 
Supply voltage Veco 4.5 5.0 5.5 V 
Input voltage, high Vin 2.4 Voc + 1.0 V 
Input voltage, low Vit -1.0 0.8 V 
Ambient temperature Ta fe) 70 °C 


Input leakage current 











Modules with eight 1Mx1DRAMs = ty, -80 80 HA For Addresses, RAS, CAS, WE: 

Modules with two 1Mx4DRAMs I -20 20 gc. OVO NG oer Bing = OY 
Output leakage current lot -10 10 pA For '/O, - I/Og: Doyt disabled; 

Vout = OV toVoc 
Output voltage, low VoL ie) 0.4 V louT = 4.2mA 
Output voltage, high Vou 2.4 Voc V lout = -5 mA 
Capacitance 
Ta = 25°C; f = 1 MHz 
Modules With Modules With 
Eight 1M x 1 DRAMs Two 1M x 4 DRAMs 

Parameter Symbol Min Max Min Max Unit Pins Under Test 
Input capacitance Ci 60 24 pF Addresses, RAS, CAS, WE 
Input/output capacitance Cyo 15 12 pF VO, - /Og 





on 





MC-421000A8 NE C 


DC Characteristics; Modules With Eight 1M x 1 DRAMs 
Ta = 0 to +70°C; Vog = +5.0V +10% 














~60 -70 . -80 
Parameter Symbol Min Max Min Max Min Max Unit Test Conditions 
Operating current, loot 720 640 560 mA RAS, CAS cycling; tac = tac min (Note 5) 
average : 
Standby current loce 24 24 24 mA RAS = CAS = Vip (min) © 

8 8 8 mA RAS = CAS 2 Voc -0.2V 

Refresh operating loc3 720 640. 560 mA. RAS cycling; CAS: = Vin: tac = tre min; 
current, average lo = O mA (Note 5) 
Fast-page operating loca 640 560 ~ 480 mA ~ RAS < Vy; CAS cycling; tp¢ = tpe min; 
current, average lo = O mA (Note 5) 
Operating current, CAS loos 720 640 560 mA tac = tac min; Ilo = O mA (Note 5) 
before RAS refreshing, 
average 





DC Characteristics; Modules With Two 1M x 4 DRAMs 
Ta = 0 to +70°C; Vocg = +5.0V 410% 








-60 -70 -80 

Parameter Symbol Min Max Min Max Min Max _ Unit Test Conditions 

Operating current, loot 240 200 180 mA RAS, CAS cycling; taco = tac min (Note 5) 
average wed . é 

Standby current == Iga 4 4 4 mA RAS = CAS = Vy (min) 

; 2. 2 2 mA RAS = CAS 2 Voc -0.2V 

Refresh operating loc3 240 200 180 mA RAS cycling; CAS = Vit; tac = trac min; 
current, average 38 lo = O mA (Note 5) 

Fast-page operating loca 180 160 140 mA RAS s Vi; CAS cycling; tpg = tp¢ min; 
‘current, average aoe — lo = O mA (Note 5) 

Operating current, CAS Ices 240 200 180 mA tro = tac min; lo = O mA (Note 5) 
before RAS refreshing, . 
v average 


oO) 





referenced to CAS 


MC-421000A8 

AC Characteristics 

Ta = Oto +70°C; Voc = +5.0 V 10% 

-60 -70 -80 

Parameter Symbol! Min Max Min Max Min Max Unit Test Conditions 
Access time from column taa 30 35 45 ns (Notes 7, 10, 11) 
address 

Access time from CAS tacp 35 40 45 ns (Notes 7, 11) 
precharge (rising edge) 

Column address hold time tar N/A N/A 60 ns (Note 19) 
referenced to RAS 

Column address setup time tasc 0 20 ns (Note 11) 
Row address setup time tasr 0 ns 

Column address to WE delay tawp 30 35 45 ns (Note 18) 
time 

Access time from CAS (falling toac 20 20 20 ns (Notes 7, 9, 10, 11) 
edge) 

Column address hold time tocar 15 17 20 ns 

CAS pulse width toas 20 10,000 20 10,000 20 10,000 ns 

CAS hold time for CAS before tcHrR 15 15 15 ns (Note 18) 

RAS refresh cycle 

Data setup time toLz 0 0 0 ns 

Fast-page CAS precharge time top 10 20 10 20 10 20 ns (Note 11) 
CAS precharge time topn 10 10 10 ns 

CAS to RAS precharge time tcorp 10 10 10 ns {Note 14) 
‘CAS hold time tosy 60 70 80 ns 

CAS setup time for. CAS before tcosr 10 10 10 ns (Note 18) _ 
RAS refresh cycle 

Write command to CAS lead towL 15 15 15 ns (Note 19) 
time. 

Data-in hold time tox 15 15 20 ns (Note 17) 
Data-in hold time referenced to toHR N/A N/A 60 ns (Note 19) 
RAS 

Data-in setup time tos 0 ns (Note 17) 
Output buffer turnoff delay torr 15 15 20 ns {Note 12) 
Fast-page cycle time — tpc 40 45 50 ns (Note 6) 
Access time from RAS trac 60 70 80 ns (Notes 7, 8) 
RAS to column address delay tRAD 15 30 15 35 17 35 ns (Note 10) 
time a 

Row address hold time tran 10 10 12 ns 

Column address lead time tRAL - 30 35 45 ns 

referenced to RAS (rising edge) 

RAS pulse width tras 60 10,000 70 10,000 80 10,000 ns 

Fast-page RAS pulse width trRasp 60 100,000 70 100,000 80 100,000 ns 

Random read or write cycle tac 120 130 160 ns (Note 6) 

time . 

RAS to CAS delay time trop 20 50 20 50 25 60 ns (Note 13) 
Read command hold time tron 0 0 0 ns (Note 15) 








MC-421000A8 N. E Cc 


AC Characteristics (cont) 











; -60 -70 ~80. : 
Parameter Symbol Min Max Min Max Min Max Unit Test Conditions 
Read command setup time tros 0 0 0 ns . 
Refresh period 
Modules with eight trer 8 8 8 ms Addresses Ag - Ag 
1M x 1 DRAMs 
Modules with two treF 16 16 16 ms Addresses Ag - Ag 
1M x 4 DRAMs 
RAS precharge time trp 50 50 70 ns 
RAS precharge CAS hold time trpc 10 10 10 ns 
Read command hold time trRH 10 10 10 ns (Note 15) 
referenced to RAS 
RAS hold time trsH 20 20 20 ns 
Write command to RAS lead tawL 20 20 25 ns 
time 
Rise and fall transition time tr 3 50 3=—s 8 50 3 50 ns (Note 4) 
Write command hold time twou 15 15 15 ns 
Write command hold time twer N/A N/A 55 ns (Note 19) 
referenced to RAS 
Write command setup time twos 0 ie) 0 ns 
WE hold time tWHR 15 15 15 ns 
Write command pulse width twp 15 15 15 ns 
WE setup time twsR 10 10 10 ns 
Notes: 
(1) All voltages are referenced to GND. (11) For fast-page read operation, the definition of access time is as 
follows. 


(2) Aninitial pause of 100 ps is required after power-up, followed by 
any eight RAS cycles, before proper device operation is 


achieved. CAS and Column Address Access Time 
(3) Ac measurements assume ty = 5 ns. Input Conditions Definition 
(4) Vin (min) and Vi, (max) are reference levels for measuring timing top = tcp (max), tasc = top tacp 
die signals. Transition times are measured between Vj}; and top < top (max), tagc = top taa 
tcp = tcp (max), tasc = taso (max) tAA 


(5) locos locos: loca, and Ilocos depend on output loading and cycle 
rates. Specified values are obtained with the output open. Ioc3 tcp = tcp (max), tasc = tasc (max) toac 
is measured assuming that all column address inputs are held at ee ee ee 
either a high level or a low level during RAS-only refresh cycles. 
Ioc4 is measured assuming that all column address inputs are 
switched only once each fast-page cycle. 


(12) torF (max) defines the time at which the output achieves the 
open-circuit condition and is not referenced to Voy or Voz. 


(6) The minimum specifications are used only to indicate the cycle (13) beter aie aries cst beatae 
time at which proper operation over the full temperature range ‘ "RCD P ; he Yi 
(Ta = 0 to +70°C) is assured trop is greater than tacp (max), access time is controlled 
A ; exclusively by toac. 


ly seesiee eT Tie alii 6 BN ieee ane: ioy pre (14) The topp requirement should be applicable for RAS/CAS cycles 
(8) Assumes that tacp < tracp (max) and trap = trap (max). If preceded by any cycle. 
trop OF trap is greater than the maximum recommended value 
in this table, trac increases by the amount that tacp or trap 
exceeds the value shown. (16) For early write operation, both twog and twop must be met. 


(15) Either tany or tacH must be satisfied for a read cycle. 


(9) Assumes that taep = trop (max) and trap = trap (max) (17) These parameters are referenced to the falling edge of CAS for 
; early write cycles. 


(18) CAS before RAS operation is specified. 
(19) This parameter is not needed for MC-421000A8-60/-70 


(10) Iftpap = trap (max), then the access time is defined by ta,. - 


; 


N; KE Cc MC-421000A8 


Timing Waveforms 


Read Cycle 








MC-421000A8 


Timing Waveforms (cont) 


Early Write Cycle 


* These parameters are not applicable to the MC-424512A36B/F. 





NEC 


MC-421000A8 


Timing Waveforms (cont) 


Fast-Page Read Cycle 


Input/Output 


| | a 
Kite] on 


tra mi ol sade 


caf 
High Impedance | | | 
‘ {X Valid Data-out f vA Valid Data-out | a Valid Data-out ; imped 


toLz 
tcLz toiz tCLz 
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MC-421000A8 


Timing Waveforms (cont) 


Fast-Page Early Write Cycle 


IN 


tRAD tasc 


taSR tcaH tasc tcaH ‘asc 


tRAH 
(eS a 


[1] OE = don't care. 


12 


NEC 





NV. EK Cc MC-421000A8 


Timing Waveforms (cont) | 


Hidden Refresh Cycle 
Memory Cycie CAS Before RAS Cycle CAS Before RAS Cycle 


tro tro tro 
tRAS tras tRAS 





tCRP 


//} 
tasc 
tRaH 


tasA tRAD | ica 


oh Mo us 


tWHR 


tOFF 
toEz 


High 


Input/Output moh pecs (x Valid Data-out pj —mpedance 


rT 


tRAG 
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MC-421000A8 


Timing Waveforms (cont) 


RAS-Only Refresh Cycle 


tRP 
tRPC 


ANN 


Input/Output 


Notes: _ 
' [1] WE=OE=don't car. 





CAS Before RAS Refresh Cycle 


tap 
tcsR tCHR ~ - tRPC ~<- tCRP 


AS, 


we //) AI 


High Impedance 


Input/Output 
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Package Drawings 


30-Pin Socket-Mountable SIMM (MC-421000A8: Suffix B, F) 


Item Mlillimeters Inches 
A 88.9205 3.500 + .020 
B 82.14 3.234 
C 3.56 .140 
D = 3.38 133 
E 35 -138 
F 1.77 070 
G 10.16 400 
H 2.54(T.P.) .100(T.P.) 
| 6.35 
J 2.08 
K 7.62 
L 0.2 
M 200 
N 5.28 max -208 max 
P  3.18dla 125 dia 
Q 1.27 +015 .050 + .006 





30-Pin Socket-Mountable SIMM (MC-421000A8: Suffix BA, FA, BB, FB) 


ftem Mlillimeters Inches 
"A 889 +05 3500 +.020 
16.67 656 
2.54 [TP] 100 [TP] 
1.77 .070 
5.28 max .208 max 
1.27 +0.15 .050 + .006 
10.16 
6.35 
82.14 
3.18 dla 
0.2 
3.56 
3.5 
2.03 
3.38 
7.62 


Olrsizizirixi[~_|]—-jJLjJOjnimjojo}nal|> 


MC-421000A8: BA, FA, BB, FB 
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MC-421000A8 NV. E Cc 


NEC 


NEC Electronics Inc. 


Description 


The MC-421000A9 is a fast-page 1,048,576-word by 
9-bit dynamic RAM module designed to operate from a 
single +5-volt power supply. 


The module is functionally equivalent to nine standard 
1M DRAMs plus a parity bit. Refreshing is accom- 
plished by means of RAS-only refresh cycles, hidden 
refresh cycles, CAS before RAS refresh cycles, or by 
normal read or write cycles 


The MC-421000A9 consists of nine 1M x 1 DRAMs 
(uPD421000) or two 1M x 4 DRAMs (uPD424400) and 
one 1M x 1 DRAM (uPD421000). Packaging is in a variety 
of 30-pin Single Inline Memory Modules (SIMM ™). 


Features 


QO 1,048,576-word by 9-bit organization 

QO Single +5-volt power supply 

Q Standard 30-pin Single Inline Memory Module 
(SIMM) packaging 

O Version 1: nine 1M x 1 DRAMs 

Version 2: two 1M x 4 DRAMs and one 1M x 1 

DRAM 

Includes power supply decoupling capacitors 

Low power dissipation 

TTL-compatible inputs and outputs 

Fast-page capability 


ia) 


ogoagdoud 


SIMM is a trademark of Wang Laboratories. 


60075-1 


_MC-421000A9 
1,048,576 x 9-Bit 
Dynamic CMOS RAM Module 


Pin Configurations 


30-Pin Leaded SIMM (MC-421000A9A/AA/AB) 


8 
7 
6 
5 
4 
3 
2 
1 





83FM-8169A 








MC-421000A9: 


Pin Configurations (cont) 


30-Pin Socket-Mountable SIMM 


(MC-421000A9B/BA/B B/F/FA/FB) 


11 
10 
9 
8 
7 
6 
5 
4 
3 
2 
1 


83FM-8170A 





Pin Identification 








Symbol 
Ag - Ag 
CAS 
CASg 
Din 9 
DouT 9 
VO} - Vg 
RAS 
WE 
GND 
Veo 
NC 


Function 
Address inputs 
Column address strobe 


Column address strobe for data output 9 


‘Data input 9 


Data output 9 

Common data inputs/outputs 
Row address strobe 

Write enable 

Ground 


+5-voilt power supply 


- No connection 





NV. E C MC-421000A9 


Ordering Information 





Part Number Access Time (max) Package Height Thickness DRAMs 
MC-421000A9A-60 60 ns 30-pin leaded SIMM 20.0 mm 5.28 mm Nine uPD421000LA 
70 : 70 ie. ~~~ __ (solder plating) (0.787 inch) (0.208 inch) ; 
-80 80 ns 
-10 100 ns | 
MC-421000A9B-60 60 ns 30-pin socket- | 
7h ie | 
-80 80 ns 
-10 100 ns 
MC-421000A9F-60 60 ns 30-pin socket- 
0 i 
-80 80 ns 
-10 100 ns 
MC-421000A9AA-60 , 60 ns 30-pin leaded SIMM 16.8 mm 5.08 mm Two uPD424400LA 
70 70 ns (solder plating) (0.661 inch) (0.200 inch) One pPD421000LA 
-80 80 ns 
-10 100 ns 
MC-421000A9BA-60 60 ns 30-pin socket- 
2 
-80 80 ns 
-10 100 ns 
MC-421000A9FA-60 60 ns 30-pin socket- 
rl 
-80 80 ns 
-10 100 ns 
MC-421000A9AB-60 60 ns 30-pin leaded SIMM 16.8 mm 5.08 mm Two uPD424400LB 
70 70 ns (solder plating) (0.661 inch) (0.200 inch) One pPD421000LA 
-80 80 ns 
-10 100 ns 
MC-421000A9BB-60 60 ns 30-pin socket- 
ie een 
-80 80 ns 
-10 100 ns 
MC-421000A 9FB-60 60 ns 30-pin socket- 
jo 
-80 80 ns 
-10 100 ns 


MC-421000A9 


Connection Diagram, MC-421000A9AA/BA/FA/AB/B B/FB 


TS 
| 


NEC 


DouT 1 
DouT 2 
DouT 3 


DourT 4 
GND : 


yPD424400 


DouT 1 
Dout 2 
DouT 3 


wPD421000 


DouT 


GND 


83FM-8171B 
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Connection Diagram, MC-421000A9A/B/F 





83FM-8172B 








MC-421000A9 


Absolute Maximum Ratings 


Voltage on any pin relative to GND -1.0 to +7.0 V 
Operating temperature, Topp - 0 to +70°C 
Storage temperature, Teta -55 to +125°C 
Short-circuit output current, log 50 mA 
Power dissipation, Pp 9.0 W 
MC-421000A9A/B/F ; 

Power dissipation, Pp 3.0 W 


MC-421000A9AA/BA/FA/AB/BB/FB 





Exposure to Absolute Maximum Ratings for extended periods may 
affect device reliability; exceeding the ratings could cause perma- 


".” -nent damage. The device should be operated within the limits 


"specified under DC and AC Characteristics. 


Capacitance 
Ta = 25°C; f = 1 MHz 


Parameter 

Input capacitance, max Cy 70 
Cro 7 

Input/output capacitance, max Cp , 15 

Output capacitance, max Co 10 


DC Characteristics . 
Ta = Oto +70°C; Voo = +5.0V +10%; GND = OV 


Parameter Symbol Min Typ Max Unit 
Supply voltage _ Veo 45 5.0 §.5 Vv 
Input voltage, high Vin 2.4 Voc + 1.0 V 
Input voltage, low ~ Vit -1.0 0.8 V 
Standby current loce 18 mA 
(Note 1) 9 nak 
Standby current loce mA 
(Note 2) | | 3 ma 
Input leakage current lie . -90 90 UA 
(Nete 71) liLg -10 10 yA 
Input leakage current Iie -30 30 HA 
tee) lis ~10 10 uA 
Output leakage current . lo —10 10 LA 
Output voltage, low VoL 0 0.4 

Output voltage, high Vou 2.4 Voc 


Symbol MC-421000A9A/B/F MC-421000A9AA/BA/FA/AB/BB/FB = Unit | 


Pins Under Test 


31 PF Ag Ag, RAS, CAS, WE 
17 pF = CASg, Din 9 

12 pF 0, - 0g 

17 pF Doutg 


Test Conditions 


RAS = CAS = Vin 

RAS = CAS 2 Voc - 0.2 V 

RAS = CAS = Vin 

RAS = CAS = Voc - 0.2V 

For Ag- Ag, RAS, CAS, WE: Viy = 0 to 5.5 V; other pins = OV 
For CASg and Dy 9: Vin = 0 to 5.5 V; other pins = OV 

For Ag - Ag, RAS, CAS, WE:-Vix = 0 to 5.5 V; other pins = OV 
For CASg and Din 9: Vin = 0 to 5.5 V; other pins = OV 

For I/O, - /Og and Dout 9: Dout disabled; Vout = 0 ta 5.5 V 


V 


" 
Oo 


lout = 4.2 mA 


lout = ~5 mA 





Notes: 


(1) Applicable to MC-421000A9A/B/F, which.consists of nine 1M x 1 
DRAMs (uPD421000). 


(2) Applicable to MC-421000A9AA/BA/FA/AB/BB/FB, which consists 


of two 1M x 4-DRAMs (uPD424400) and one 1M x 1 DRAM 
(uPD421000). 


fe?) 


NV. KE Cc MC-421000A9 


AC Characteristics 
Ta = Oto +70°C; Vog = +5.0 V 410% 


-60 -70 -80 -10 
Parameter Symbol Min Max Min Max Min Max Min Max _ Unit Test Conditions 
Operating current, loc1 (Note 21) 810 720 630 540 mA _ RAS, CAS cycling; 
eyersge loci (Note 22) 330 280 250 220. mA ‘RC = tac min (Note 5) 
Operating current, loog (Note 21) 810 720 630 540 mA RAS cycling; CAS = Vip; 
RAS- only refresh cycle,,.§<§ ———A te = tr min (Note 5) 
average logg (Note 22) 330 280 250 220 mA . 
Operating current, - locq (Note 21) 720 630 540 450 mA RAS = Vi; CAS cycling; 
fast-page cycle, average loca (Note 22) 260 230 200 170 mA ¢tPc = tec min (Note 5) 
Operating current, loos (Note 21) 810 720 630 540 mA __ RAS cycling; CAS before 1 ele) 
CAS before RAS refresh | — Te _ RAS; ta = tre min 
cycle, average loes (Note 22) 330 280 250 220 mA (Note 5) 
Access time from taa 30 35 40 50 ns (Notes 7, 10, 11) 
column address 
Access time from CAS tacp 35 40 45 55 ns (Notes 7, 11) 
precharge (rising edge) 
Column address hold tar N/A N/A 60 70 ns 
time referenced to RAS 
Column address tasc 0 0 oO 0 ns _—_ (Note 11) 
setup time 
Row address setup time tasr 0 0. 0 0 ns 
Column address to WE tawD 30 35 40 50 ns _—_ (Note 18) 
delay time 
Access time from CAS tcac 20 20 20 25 ns. (Notes 7, 9, 10, 11) 
(falling edge) 
Column address toaH 15 17 20 20 ns 
hold time 
CAS pulse width tcas 20 10000 20 10,000 20 10,000 25 £10,000 ons 
CAS hold time for CAS tcHR 15 15 15 20 ns 
before. RAS refresh cycle : 
CAS to output in low-Z teLz 0 0 0 0 ns ___ (Note 7) 
CAS precharge time, fast- top 10 10 10 10 ns (Note 11) 
page cycle 
CAS precharge time, topn 10 10 10 10 ns 
nonpage cycle 
CAS to RAS tcrp 10 10 10 10 ns = (Note 14) 
precharge time 
CAS hold time tosH 60 70 80 100 ns 
CAS setup time for CAS tcosrR 10 10 10. 10 ns 
before RAS refresh cycle 
CAS to WE delay towp 20 20 20 25 ns _ (Note 18) 
Write command to tow. 15 15 15 20 ns 
CAS lead time 
Data-in hold time toy 15 15 15 20 ns (Note 17) 


MC-421000A9 NV E Cc 


AC Characteristics (cont) 





-60 ~-70 -80 -10 

Parameter Symbol Min Max Min Max Min Max Min Max Unit Test Conditions 

Data-in hold time tour N/A N/A 60 70 ns 

referenced to RAS. . 

Data-in setup time tps 0 fe) 0 0 ns (Note 17) 

Output buffer - torr 0 15 0 15 0 20 0 25 ns _—_ (Note 11) 

turnoff delay 

Fast-page cycle time tpco 40 45 50 60 ns (Note 6) 

Access time from RAS trac 60 70 80 100 ns__—_ (Notes 7, 8) 

RAS to column address trap 15 30 15 35 17 40 17 50 ns (Note 10) 

delay time 

Row address hold time tRAH 10 10 12 12 ns 

Column address iead tRAL 30 35 40 50 ns 

time referenced to RAS 

(rising edge) 

RAS pulse width tras 60 10,000 70 10000 80 10,000 100 10,000 ns 

RAS pulse width, trasp 60 10,000 70 100,000 80 100,000 100 100,000 ns 

fast-page cycle 

Random read or write tro 120 140 160 190 ns _ (Note 6) 

cycle time 

RAS to CAS delay time trop 20 40 20 50 25 60 25 75 ns _—_ (Note 12) 

Read command hold time troy 0 0 0 0 ns (Note 15) 

referenced to CAS 

Read command tros 0 0 0 0 ns 

setup time 

Refresh period tREF 8 8 8 8 ms Addresses Ag - Ag (Note 
21) , 

Refresh period tREF 16 16 16 16 ms Addresses Ag - Ag (Note 
22). 

RAS precharge time trp 50 60 70 80 , ns 

RAS precharge CAS trPc 10 10 10 10 ns 

hold time 

Read command holdtime = tary 10 10 . 10 10 ns (Note 15) 

referenced to RAS 

RAS hold time trsH 20 20 20 25 ns 

Read-write cycle time tawe 145 165 185 200 ns _—_ (Note 6) 

RAS to WE delay trawo 60 70 80 100 ns 

Write command to tRWL 20 20 20 25 ns 

RAS lead time 

Rise and fall tT 3 50 3 50 3 50 3 50 ns (Note 4) 

transition time 

Write command twou 15 15 15 20 ns 

hold time 

Write command hold twor N/A N/A 55 70 ns 

time referenced to RAS 

Write command twes 0 0 0 0 ns 

setup time 

Write command twHr 1 15 15 20 


NEC 


AC Characteristics (cont) 


-60 ~-70 
Parameter Symbol Min Max Min Max 
Write command twp 15 15 
pulse width 
Write command twsr” 10 10 


Notes: 


(1) 
(2) 


(3) 
(4) 


(5) 


(6) 


(7) 


(8) 


(9) 


(10) 
(11) 


All voltages are referenced to GND. 


An initial pause of 100 ps is required after power-up, followed by 
any eight RAS cycles, before proper device operation is 
achieved, 


Ac measurements assume ty = 5ns. 


Vin, (min) and-Vj,_ (max) are reference levels for measuring the 
timing of input signals. Transition times are measured between 
Vin, and Viz. 


loc1 locos: loca, and lecs depend on output loading and cycle 
rates. Specified values are obtained with the output open. Ioo3 
is measured assuming that all column address inputs are held at 
either a high level or a low level during RAS-only refresh cycles. 
loc4 is measured assuming that all column address inputs are 
switched only once during each fast-page cycle. 


The minimum specifications are used only to indicate the cycle 
time at which proper operation over the full temperature range 
(Ta = 0 to + 70°C) is assured. 


Load = 2 TTL (~1 mA, +4 mA) loads and 100 pF (Voy = 2.0V, 
Vor = 0.8 V). 


Assumes that tacp = trcp (max) and tpap = trap (max). If 
trop oF trap is greater than the maximum recommended value 
in this table, trac increases by the amount that taco or trap 
exceeds the value shown. 


Assumes that tacp 2 tacp (max) and trap < trap (max). 
Iftpap 2 trap (max), then the access time is defined by ta. 


For fast-page read operation, the definition of access time is as 
follows: 


CAS and Column Address 


Input Conditions Access Time Definition 


top < top (max), tage 2 top tacp 
tcp = tcp (max), tasc = top tAA 
tcp 2 tcp (max), tasc = tasc (max) taa 
top = top (max), tasc = top tcac 


Min 
15 


10 


(12) 


(13) 


(14) 


(15) 
(16) 


(17) 


(18) 


(19) 
(20) 


(21) 


(22) 


MC-421000A9 


~-80 -10 
Max Min Max Unit Test Conditions 
20 ns (Note 16) 
10 


torr (max) defines the time at which the output achieves the 
open-circuit condition and is not referenced to Voy or VoL. 


Operation within the tacp (max) limit assures that trac (max) 
can be met. trop (max) is specified as a reference point only; if 
tacp is greater than tacp (max), then access time is controlled 
exclusively by toc. 


The tcpp requirement should be applicable for RAS/CAS cycles 
preceded by any cycle. 


Either tany or troy must be satisfied for a read cycle. 


Parameter twp is applicable for a delayed write cycle such as a 
read-write/read-modify-write cycle. For early write operation, 
both twcos and two must be met. 


These parameters are referenced to the falling edge of CAS for 
early write cycles and to the falling edge of WE for delayed write 
or read-modify-write cycles. 


For Doutg, parameters twos, tcwp: tawp: and tawp are restric- 
tive operating parameters in read-write/read-modify-write cy- 
cles only. Iftwog = twos (min), the cycle is an early write cycle 
and the data output will remain open-circuit throughout the 
entire cycle. If towp = tcwp (min), tawp 2 trawp (min), and 
tawp = tawp (min), the cycle is a read-write cycle and the data 
output will contain data read from the selected cell. If neither of 
the above conditions is met, the condition of Doyt g (at access 
time and until CASg returns to Vj) is indeterminate. 


CAS before RAS operation is specified. 
Read-write/read-modify-write operation can be performed only 
by the SOJ controlled by CASg because of its separate data 
input and output pins. 

Applicable to MC-421000A9A/B/F, which consists of nine 1M x 1 
DRAMs (uPD421000). 

Applicable to MC-421000A9AA/BA/FA/AB/BB/FB, which con- 


sists of two 1M x 4 DRAMs (uPD424400) and one 1M x 1 DRAM 
(uPD421000). : 
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Timing Waveforms 


ReadCycle 


Address . 


Input/Output 
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Timing Waveforms (cont) 


Early Write Cycle 







Address 






[1] OE = don't care. 
83YL-6978B 


11 


MC-421000A9 NV. E C 


Timing Waveforms (cont) 


Read-Write/Read-Modify-Write Cycle (Dourg only) 


A 
Y Column Address 9 


=I 


LLL 
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Timing Waveforms (cont) 


Fast-Page Read Cycle 





Address 






\ A 















lettca ro TOEA ees toEZ 
TRAC | tOFF tCAC: tOFF tcac tOFF 
High Impedance | | ; . . i enaaies 
- toLz tOLz tOLz 
tcLz 'CLZ ICLZ 








83VB-6786B 








MC-421000A9. NE C 


Timing Waveforms (cont) 


Fast-Page Early Write Cycle 





'CRP x a 


tRAD tASC 


taSR tCAH tasc 


tRAH ; , 
aw a rR — i A 
necress XQ Pow KX courn vy AY YY YY 


TXKKKKKE ON LO 0 
Input/Output (\ x 1, x , 


XXX X) OOO OO OOQOO YY 


‘Note: 
_ [1] OE = don't care. 
: 83YL-6981B 


NV. E Cc MC-421000A9 


Timing Waveforms (cont) 


Fast-Page Read-Write/Read-Modify-Write Cycle (Doyre only) 





MC-421000A9 


Timing Waveforms (cont) 
Hidden Refresh Cycle 


Memory Cycle 
tro 
tRAS 


tcrP 
Ml] | tasc | 
TRAH 'CAH 
Kise 
wees Dm Kom YG 
eal 


tASR tRaD 


i eae 


| tOEA 


je—toxe 


toLz 


| High Impedance 


Ls 


Input/Output 
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CAS Before RAS Cycle CAS Before RAS Cycle 
tRc tac 
TRAS tRAS 


tWHR 


tOFF 


tOEZ 


High 


g 
> ( Valid Data-out » erpedance 
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Timing Waveforms (cont) 


' RAS-Only Retresh Cycle 


tRP 


tRPC 


AUN 





Input/Output 


Notes: 
[1] WE = OE = don't care. 





CAS Before RAS Refresh Cycle 


Rp 


XZ/ 


tor ket 
= /// NOOO 


High impedance 


Input/Output 
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Package Drawings 


30-Pin Socket-Mountable SIMM (MC-421000A 9BA/FA/B B/FB) 


Item —_— Millimeters ‘Inches 

88.9 +05 3.5 +.020 

16.67 656 

2.54 [TP] .100 [TP] 

1.77 .070 

5.28 max .208 max 
1.27 40.15 050 + .006 

10.16 .400 

6.35 .250 

82.14 3.234 

3.18 dia 125 dia 

0.2 .008 

3.56 -140 

3.5 138 

2.03 .080 

3.38 .133 

7.62 .300 


A 
B 
Cc 
D 
E 
F 
G 
H 
I 
J 
K 
L 
M 
N 
P 
Q 





MC-421 000A9/BA/FA/BB/FB ? : 83FM-8173B (10/91) 


30-Pin Leaded SIMM (MC-421000A9AA/AB) 


tem _Milllmeters Inches 


+.021 
803405 3.161 * 5) 


18.27 max .719 max 
100 [TP] 
.020 
.208 max 
.010 
134 + 028 
.656 


TIO|NIMO/O|al > 





MC-421 000A9AA/ASAB 83FM-81 75B (10/91) 
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NE C MC-421000A9 


Package Drawings (cont) 





30-Pin Socket-Mountable SIMM (MC-421000A9B/F) 







Item _—Millimeters Inches 


















ae ees SSS ooo 
B 200 787 
C254 [TP] 400 [TP] ee 
D177 070 
E 5.28 max .208 max 
F 1.274015 050 +.006 
G 10.16 “400 
H 635 "250 
| 82.14 3.234 
J 3.18dia 125 dia 
K 02 008 
L356 140 
M35 138 
N 2.03 080 
P 3.38 133 
Q 7.62 "300 








MC-421000A9B 83FM-8174B (10/91) 


30-Pin Leaded SIMM (MC-421000A9A) 


aE A ALE ES LE AE NTE EI 
ee ee eee ee ee eee eee 
item _Millimeters Inches s 


+.021 
A 803405 3.161 *55) 


21.6 max .851 max 
2.54 [TP] -100 [TP] 
0.50 .020 


5.5 max .217 max 
0.25 010 

3.4 + 0.7 -134 + .028 
20.0 .787 





83FM-8176B (10/91) 
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NEC 


NEC Electronics Inc. 


Description 


The MC-421000A32 is a fast-page dynamic RAM mod- 
ule organized as 1,048,576 words by 32 bits and de- 
signed to operate from a single +5-volt power supply. 
Advanced CMOS circuitry ensures minimum power 
dissipation and excellent operating margins. 


The three-state output is controlled by CAS indepen- 
dent of RAS. After a valid read or read-modify-write 
cycle, data is held on the output by holding CAS low. 
Data output is returned to high impedance by returning 
CAS high. Fast-page read and write cycles can be 
executed by cycling CAS. Refreshing is accomplished 
by means of RAS-only refresh cycles, CAS before RAS 
refresh cycles, hidden refresh cycles, or by the 1024 
address combinations of Ap - Ag during a 16-ms period. 


Single Inline Memory Module (SIMM™) packaging en- 
hances reliability and reduces the size, weight, and 
cost of asystem.. Each SIMM contains eight 1,048,576 
x 4-bit DRAMs (uPD424400) and eight power supply 
decoupling capacitors for noise reduction. DQg - DQ3, 
are common input/output pins. 


Features 


1,048,576-word by 32-bit organization 
Single +5-volt power supply 
Fast-page option 

Low power dissipation 

RAS-only refresh cycles 

CAS before RAS refresh cycles 
Hidden refresh cycles 

1024 refresh cycles every 16 ms 
TTL-compatible inputs and outputs 
72-pin SIMM packaging 


SIMM is a trademark of Wang Laboratories. | 


oonwoodonanaoaa Da 


Pin Identification 


Name Function 

Ao - Ag Address inputs 

CASp - CAS3 Column address strobes 

DQ) - DQ3, Common data inputs/outputs 
RAS, RAS» Row address strobes 

WE Write enable 

GND Ground 

Voc +5-volt power supply 


NC No connection 


60169 





MC-421000A32 
1,048,576 x 32-Bit 
Dynamic CMOS RAM Module 


Pin Configuration 


72-Pin Socket-Mountable SIMM 


| RAS _| 
| NC 
| We 
| NC 
| DQ24 | 
| DQ 
| DQe5_| 
| 010 | 
| DO26 | 


A 


MC-421000A32. N: fo C 


Ordering Information 








Part Number Access Time (max) Package Height Thickness DRAMs 
MC-421000A32B-60 60ns_ | ; 72-pin socket-mountable 25.4 mm 5.28 mm Eight uPD424400LA 
B-70 — 70 ns =. SIMM (solder plating) (1.000 inch) (0.208 inch) 
B-80 80 ns | ae | 
MC-421000A32F-60 60 ns ' 72-pin socket-mountable 
F-70 = eka 70 a SIMM (gold plating) 
F-80 80 ns 
. MC-421000A32BT-60 60 ns 72-pin socket-mountable 25.4mm - 4.1mm Eight uPD424400GS 
BT-70 70 ns SIMM (solder plating) (1.000 inch) (0.161 inch) ; 
BT-80 . 80 ns 
MC-421000A 32F T-60 _ 60 ns 72-pin socket-mountable . . 
FT-70 70 ns SIMM (gold plating) 
FT-80 80 ns 
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MC-421000A32 Connection Diagram 


Do-D7 (#PD424400 1M x 4-Bit DRAMs) 


oo SS 
Co-C: 
Gnp o—7— 7 
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Absolute Maximum Ratings 


Voltage on any pin relative to GND -1.0 to +7.0 V 
Operating temperature, Topr 0 to +70°C 
Storage temperature, Tstg —55 to + 125°C 
Short-circuit output current, log 50 mA 
Power dissipation, Pp 8W 


Exposure to Absolute Maximum Ratings for extended periods may 
affect device reliability; exceeding the ratings could cause perma- 
nent damage. The device should be operated within the limits 
specified under DC and AC Characteristics. 


DC Characteristics 
Ta = 0 to + 70°C; Vog = +5.0V +5% 


Recommended Operating Conditions 


Parameter Symbol Min Typ Max Unit 
Input voltage, high Vin 2.4 Voc + 1.0 Vv 
Input voltage, low ViL -1.0 0.8 V 
Supply voltage Voc 4.75 5.0 5.25 Vv 
Ambient temperature . Ta 0 70 °C 
Capacitance 
Ta = 25°C; f = 1 MHz 
Parameter Symbol Max Unit Pins Under Test 
Input Cy 68 pF Ag - Ag 
capacitance op 76 pF WE 

Cig 43 pF RAS 

Cu 29 pF CAS 
Input/output Cy4/Co4 17 pF DQp - DQ3; 


capacitance 





Parameter Symbol Min Max Unit Test Conditions 
Standby current lece 16 mA RAS = CAS = Viy (min) 

8 mA RAS = CAS = Voc -0.2V 
Input leakage current ly ~-80 80 uA Vin = 0V to Veo; 

all other pins not under test = 0 V 

Output leakage current low) -10 10 pA DQo to DQ3; disabled; Voyt = OV to Voc 
Output voltage, low VoL 0.4 V lor = 4.2 mA 
Output voltage, high VoH 2.4 Vv lon = -5 mA 


A 
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AC Characteristics 
Ta = Oto +70°C; Veg = +5.0 V +5% 


Parameter Symbol 
Operating current, average loc 
Operating current, RAS-only loc3 
refresh cycle, average 

Operating current, fast-page loca 
cycle, average 

Operating current, CAS before loos 
RAS refresh cycle, average 

Access time from column taa 
address 

Access time from CAS tacp 
precharge (rising edge) 
Column address setup time tasc 
Row address setup time tasrR 
Access time from CAS (falling tcac 
edge) 

Column address hold time toay 
CAS pulse width tcas 
CAS hold time for CAS before tcHR 
RAS refresh cycle 

CAS to output in low tcLz 
impedance 

Fast-page CAS precharge time top 
CAS precharge time topn 
CAS to RAS precharge time tcorp 
CAS hold time tosH 
CAS setup time for CAS before togp 
RAS refresh cycle 

Data-in hold time tou 
Data-in setup time tos 
Output buffer turnoff delay toFF 
Fast-page cycle time tpo 
Access time from RAS trac 
RAS to column address delay trap 
time 

Row address hold time tRaH 
Column address lead time tRAL 
referenced to RAS (rising edge) 

RAS pulse width tras 
Fast-page RAS pulse width trasp 


Min 


15 
20 
15 


10 
10 
10 
60 
10 


15 


40 


15 


10 
30 


60 
60 


-60 
Max 
960 


960 


720 


960 


30 


35 


20 


10,000 


15 


60 
30 


10,000 
100,000 





-70 
Min Max Min 
800 
800 
640 
800 
35 
40 
0 
0 
20 
17 20 
20 10,000 20 
15 15 
0 0 
10 10 
10 10 
10 10 
70 80 
10 10 
15 20 
0 
15 0 
45 50 
70 
15 35 17 
10 12 
35 40 
70 10,000 80 
70 100,000 80 


Max 
720 


720 


560 


720 


40 


45 


20 


10,000 


20 


80 
40 


10,000 
100,000 


Unit 
mA 


mA 


mA 


mA 


ns 


ns 


ns 
ns 


ns 


ns 
ns 


ns 


ns 


ns 
ns 
ns 
ns 


ns 


ns 
ns 
ns 
ns 


ns 


ns 


ns 


ns 


ns 
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Test Conditions 

RAS and CAS cycling; taco = 
tre min; 

lo = OmA (Note 5) 

RAS cycling; CAS = Vip; 
tac = tac min; 

lo = O mA (Note 5) 

RAS < Vi; CAS cycling; 
tpo = tpo min; 

lo = 0 mA (Note 5) 

RAS cycling; CAS before RAS; 
tac = tro min; 

lo = O mA (Note 5) 


(Notes 7, 9) 





(Notes 7, 9) 


(Notes 7, 9) 


(Note 7) 


(Note 12) 


(Note 15) 
(Note 15) 
(Note 10) 
(Note 6) 
(Notes 7, 8) 
(Note 9) 
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AC Characteristics (cont) 


NEC 





-60 -70 -80 
Parameter Symbol Min Max Min Max Min Max Unit Test Conditions 
Random read or write cycle trac 120 140 160 ns (Note 6) 
time 
RAS to CAS delay time trop 20 40 20 50 25 60 ns (Note 11) 
Read command hold time tRon 0 ie] 0 ns _—_ (Note 13) 
referenced to CAS 
Read command setup time trcs 0 0 0 ns 
Refresh period tREF 16 16 16 ms = Addresses Ag - Ag 
RAS precharge time trp 50 60 70 ns 
RAS precharge CAS hold time trpc 10 10 10 ns 
Read command hold time trRH 10 10 10 ns (Note 13) 
referenced to RAS 
RAS hold time trsH 20 20 20 ns 
Rise and fall transition time tr 3 50 3 50 3 50 ns _——_ {Note 3) 
Write command hold time tweou 15 15 15 ns 
Write command setup time twos 0 0 0 ns (Note 16) 
WE hold time twHr 15 15 15 ns 
WE setup time twsR 10 10 10 ns 
Write command pulse width twp 15 15 15 ns _—_ (Note 14) 
Notes: 

(1) All voltages are referenced to GND. (11) Operation within the trop (max) limit assures that trac (max) 

(2) An initial pause of 100 ss is required after power-up, followed by ra be met. trop (men bi reat eee debates point ue | 
any eight RAS cycles, before proper device operation is ant 2 caveat an trep (max), then access time Is controlle 
achieved. At the end of the initial power-up sequence, it is exclusively by tcac. 
recommended that either a RAS-only or CAS before RAS refresh (12) The torp requirement should be applicable for RAS/CAS cycles 
cycle be executed while WE = Vj}; to ensure normal operation. preceded by any cycle. 

(8) Ac measurements assume ty = 5 ns. (13) Either tany or tac must be satisfied for a read cycle. 

(4) Vi (min) and Vi, (max) are reference levels for measuring the (14) Parameter twp is applicable for a delayed write cycle such as a 
timing of input signals. Transition times are measured between read-write/read-modify-write cycle. For early write operation, 
Vin and Vi. both twos and twop must be met. 

(5) loot loos: loca, and Iocs depend on output loading and cycle (15) These parameters are referenced to the falling edge of CAS for 
rates. Specified values are obtained with the output open. Iocg3 early write cycles and to the falling edge of WE for delayed write 
is measured assuming that all column address inputs are held at or read-modify-write cycles. 
either a high level or a low level during RAS-only refresh cycles. (16) vgs ; 

: : ‘ twos, tawo tcwp: and tawp are restrictive operating parame- 
os ‘5 paises el — ponies a Inputs: ake ters in read-write/read-modify-write cycles only. Iftwos = twos 
See eee, CHU e ante omen er Or cece (min), the cycle is an early write cycle and the data output will 

(6) The minimum specifications are used only to indicate the cycle remain open-circuit throughout the entire cycle. Iftowp = tcwp 
time at which proper operation over the full temperature range (min), tawp 2 trwp (min), and tawp = tawp (min), the cycle is 
(Ta = 0 to + 70°C) is assured. a read-write cycle and the data output will contain data read 

from the selected cell. If neither of the above conditions is met 
Load = 2TTL (-1 mA, +4 mA) loads and 100 pF. : : ! 

” ( ) P the condition of the data output pin (at access time and until 

(8) Assumes that top = noo eh and trap = trap (max). If CAS returns to Vj) is indeterminate. 

t ort is greater than the maximum mmended value => —~ 
_ {ROD O! RAD 1S gree ee (17) A test mode may be initiated by executing a CAS before RAS 


(9) 
(10) 


in this table, tnac increases by the amount that tacp or trap 
exceeds the value shown. 


If tRaD 2 tpap (max), then the access time is defined by taa. 


torr (max) defines the time at which the output achieves the 
open-circuit condition and is not referenced to Voy or VoL. 


refresh cycle with WE held at V),. This mode also may inadvert- 
ently be initiated during power-up because external control of 
the signal lines is very difficult during this period. Itis therefore 
recommended that while WE is held at Vj, either a RAS-only or 
CAS before RAS refresh cycle be executed at any time after the 
end of the initial power-up sequence to ensure normal device 
operation. 
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Timing Waveforms 


Read Cycle 
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Timing Waveforms (cont) 


Early Write Cycle 
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Timing Waveforms (cont) 


Fast-Page Read Cycle 








Pig 


tAA 


| 


tcac 
teLz torr teLz torr 
teLz 


High Impedance 
Pour 2 UX pataout 1X Datacut UX Data-out 
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Timing Waveforms (cont) 


Fast-Page Early Write Cycle 


toH tpH 
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Timing Waveforms (cont) 


Hidden Refresh Cycle 
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Timing Waveforms (cont) 


RAS-Only Refresh Cycle 


High Impedance 
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Package Drawings 


72-Pin Socket-Mountable SIMM (MC-421000A32: Suffix B, F) 


ftem  Millimeters 
107.95 +0.2 
101.19 + 0.2 
1.04 min 
10.16 

1.27 

6.35 

2.03 

6.35 

2.54 min 


> 





B 
F 
G 
H 
! 
J 
K 
L 


Xx(Si<[Ccl/aloliviziz 
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MC-421000A32 N. E Cc 


Package Drawing (cont) 


72-Pin Socket-Mountable SIMM (MC-421000A32: Suffix BT, FT) 


Item . Milllmeters: - Inches: Item. Millimeters .’: ©. Inches 
107.95 +0.2 4.250 + .008 25.4 ‘1.000 
101.19 +0.2 3.984 + .008 4.1 161 

1.04 min. .041 min - 1.57 rad 062 rad 

10.16 3.17 dia 125 dia 

1.27 1.27 050 

6.35 3.38 133 

2.03 44.45 1.750 

6.35 6.36 250 

95.25 +0.1 . 3.750 + .004 





A 
B 
F 
G 
H 
I 
J 
K 
L 


x|sl<l[clalo/vi2iz 
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NEC 


NEC Electronics Inc. 


Description 


The MC-421000A36 is a fast-page dynamic RAM mod- 
ule organized as 1,048,576 words by 36 bits and de- 
signed to operate from a single +5-volt power supply. 
Advanced CMOS circuitry ensures minimum power 
dissipation and excellent operating margins. 


The three-state output is controlled by CAS. indepen- 
dent of RAS. After a valid read or read-modify-write 
cycle, data is held on the output by holding CAS low. 
Data output is returned to high impedance by returning 
CAS high. Fast-page read and write cycles can be 
executed by cycling CAS. Refreshing is accomplished 
by means of RAS-only refresh cycles, CAS before RAS 
refresh cycles, hidden refresh cycles, or by the 1024 
address combinations of Ag - Ag during a 16-ms period. 


The MC-421000A36 is packaged in a variety of 72-pin 
Single Inline Memory Modules (SIMM™). Each SIMM 
contains eight 1,048,576 x 4-bit DRAMs (uPD424400), 
four 1,048,576 x 1-bit DRAMs (uPD421000), and 12 
power supply decoupling capacitors for noise reduc 
tion. 


Features 


1,048,576-word by 36-bit organization 
Single +5-volt power supply 
Fast-page option 

Low power dissipation 

RAS-only refresh cycles 

CAS before RAS refresh cycles 
Hidden refresh cycles 

1024 refresh cycles every 16 ms 
TTL-compatible inputs and outputs 
72-pin SIMM packaging 


SIMM is a trademark of Wang Laboratories. 


ooonanaonoaoo gD 


Pin Identification 


Name Function 

Ag - Ag Address inputs 

CASp - CAS3 Column address strobes 

DQo - DQ35 Common data inputs/outputs 
RASp, RAS. Row address strobes 

WE Write enable 

GND Ground 

Voc +5-volt power supply 

NC No connection 


60122-2 


MC-421000A36 
1,048,576 x 36-Bit 
Dynamic CMOS RAM Module 


Pin Configuration 


72-Pin SIMM 
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Ordering Information 


Part Number Access Time (max) Package Height Thickness DRAMs 

MC-421000A36B-60 60 ns 72-pin socket-mountable 25.4 mm 5.28 mm Eight uPD424400LA 
B -70 ae FOF eo ~ $IMM {solder plating) (1.0 inch) (0.208 inch) Four uPD421000GX 
B-80 80 ns 

MC-421000A36F-60 60 ns 72-pin socket-mountable 
F-70 a 70 ns ee, SIMM (gold plating) 
F-80 80 ns 

MC-421000A36BD-60 60 ns 72-pin socket-mountable 25.4 mm 9.3 mm Eight uPD424400LB 
B D-70 70 ns SIMM (solder plating) ‘(1.0 inch) (0.366 inch) Four upPD421000LA 
BD-80 80 ns 

MC-421000A36FD-60 60 ns 72-pin socket-mountable 
FD-70 70 ns SIMM (gold plating) 
FD-80 } 80 ns 

MC-421000A36BE-60. 60 ns 72-pin socket-mountable 25.4 mm 9.3mm Eight PD424400LA 
BE-70 70 ns SIMM (solder plating) (1.0 inch) (0.366 inch) Four pPD421000LA 
BE-80 80 ns 

MC-421000A36F E-60 60 ns 72-pin socket-mountable 
FE 70 a 70 hs ~~. SIMM (gold plating) 
FE-80 80 ns 

MC-421000A36BH-60 60 ns 72-pin socket-mountable 31.75 mm 5.28 mm Eight uPD424400LB 
BH-70 70 - SIMM (solder plating) (1.250 inch) (0.208 inch) Four pPD421000LA 
BH-80 80 ns 

MC-421000A36FH-60 60 ns 72-pin socket-mountable 
FH-70 70 ns SIMM (gold plating) 
FH-80 80 ns 

MC-421000A36BJ-60 60 ns 72-pin socket-mountable 31.75 mm 5.28 mm Eight uPD424400LA 
B ‘+70 " 70 ns SIMM (solder plating) (1.250 inch) (0.208 inch) Four uPD421000LA 
BJ-80 80 ns 

MC-421000A36FU-60 60 ns 72-pin socket-mountable 
FJ-70 70 ns SIMM (gold plating) 
FJ-80 80 ns 

MC-421000A36B T-60 60 ns 72-pin socket-mountable 25.4 mm 2.68 mm Eight uPD424400GS 
BT-70 70 ns. SIMM (solder plating) (1.0 inch) (0.106 inch) Four pPD421000GX 
BT-80 es 80.ns 

MC-421000A 36F T-60 60 ns 72-pin socket-mountable 
FT-70 70 ns SIMM (gold plating) 
FT-80 80 ns 


NEC 





MC-421000A36 Connection Diagram 


FAS, 
CASo 


DQ12 


DQ13 
DQ14 
DQ415 
DQ416 


DQ47 
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WE 
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Absolute Maximum Ratings Recommended Operating Conditions. 

Voltage on any pin relative to GND -1.0to +7.0V Parameter Symbol Min Typ Max Unit 
Operating temperature, Topr 0 to + 70°C Input voltage, high Vin 24 Veco + 1.0 V 
Storage temperature, Tgtg —55 to + 125°C Input voltage, low Vit -1,0 0.8 V 
Short-circuit output current, log 50 mA Supply voltage Voc 4.75 5.0 §.25 V 
Power dissipation, Pp 12W Ambient temperature Ta 0 70 °C 


Exposure to Absolute Maximum Ratings for extended periods may 
affect device reliability; exceeding the ratings could cause perma- 
nent damage. The device should be operated within the limits 
specified under DC and AC Characteristics. 


Capacitance 
Ta = 25°C; f = 1 MHz 


Parameter Symbol Max Unit Pins Under Test 
Input Cy ‘ 88 pF Ag - Ag 
capacitance Cp 104 pF WE 
Cy 57 pF RAS 
Cy 36 pF CAS 
Input/output Ci1/Co4 17 pF DQ - DQ7, DQg - DQyg, DQ4g - DQg5, DQ97 - DOgq 
one Ci2/Co2 22 pF | DQ3, DQ47, DQ2¢6, DQg5 


DC Characteristics 
Ta = 0 to +70°C; Vog = +5.0 V +5% 





Parameter Symbol Min Max Unit Test Conditions 
Standby current loco. 24 mA RAS = CAS = Viy (min) 

12 mA RAS = CAS = Voc -0.2V 
Input leakage current um) -120 120 uA Vin = 0V to Voc; 

all other pins not under test = 0 V 

Output leakage current low ~10 10 HA DQo to DQg5 disabled; Voyt = 0 V to Voc 
Output voltage, low VoL 0.4 V lo, = 42 mA 
Output voltage, high Vou 2.4 Vv low = -S5 mA 


NE Cc MC-421000A36 


AC Characteristics 
Ta = 0 to +70°C; Voog = +5.0 V +5% 

















a — +60 -70 -80 = 
Parameter Symbol Min Max Min Max Min Max Unit Test Conditions 
Operating current, average loc 1320 1120 1000 mA RAS and CAS cycling; 
tro = tro min; 
lo = 0 mA (Note 5) 
Operating current, RAS-only loc3 1320 1120 1000 mA RAS cycling; CAS = Vins 
tefresh cycle, average tac = taco min; . 
lo =-0 mA (Note: 5) 
Operating current, fast-page loc, 1040 920 800 mA RAS s Vii; CAS cycling; 
cycle, average : tpc = tpco min; 
Io =.0 mA (Note 5) 
Operating current, CAS before loos 1320 1120 1000 mA ‘RAS cycling; CAS before 
RAS refresh cycle, average RAS; tao = tac min; 
lo = O mA (Note 5) 
Access time from column taa 30 35 40 ns (Notes 7, 9) 
address 
Access time from CAS tacp 35 40 45 ns (Notes 7, 9) 
precharge (rising edge) aed 
Column address setup time tasc 0 0 0 ns 
Row address setup time tasR 0 0 0 ns 
Access time from CAS (falling toac 20 ae") 20 ns _—_ (Notes 7, 9) 
edge) 
Column address hold time toaH 15 17 20 ns 
CAS pulse width tcas 20 10,000 20 10,000 20 10,000 —- ns 
CAS hold time for CAS before tcop 3. «3 ‘15 15 15 ns 
RAS refresh cycle 
CAS to output in low toLz 0 -  -0 ; 0. ns (Note-7) 
impedance 
Fast-page CAS precharge time top 10 10 10 ns 
Nonpage CAS precharge time topn 10 10 10 ns 
CAS to RAS precharge time torp 10 10 10 ns (Note 12)" 
CAS hold time tos 60 70 80 ns 
CAS setup time for CAS before tosrR 10 10 10 ns 
RAS refresh cycle 
Data-in hold time toy 15 15 20 ns (Note 15) 
Data-in setup time tos 0 (9) 0 ns (Note 15) 
Output buffer turnoff delay = —S torr 0 15 0 15 0 20: ns: — (Note 10) 
Fast-page cycle time tp) 40 45 . 50 ns. _— (Note 6) 
Access time from RAS trac 60 70 80 ns (Notes 7, 8) 
RAS to column address delay trap 15 30 15 35 17 40 ns (Note 9) 
time 
Row address hold time tRAH 10 10 12 ons 
Column address lead time tRaL 30 35 40 ns 
referenced to RAS (rising edge) 
RAS pulse width - tRas 60 10,000 70 10,000 = 80 10,000 ns 
Fast-page RAS pulse width trasp 60 100,000 70 100,000 80 100,000 ns 


or 


fod 
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AC Characteristics (cont) 




















~60 -70 -80 

Parameter Symbol Min Max Min Max Min Max Unit Test Conditions 
Random read or write cycle tac 120 . 140 . 160 ns (Note 6) 
time 
RAS to CAS delay time trop 20 40 20 50 25 60 ns _—_ (Note 11) 

Read command hold time tron 0 0 0 ns (Note 13) 
referenced to CAS 

Read command setup time trcs 0 0 0 ns 

Refresh period treF 16 16 16 ms Addresses Ag - Ag 
RAS precharge time trp 50 60 70 ns 
RAS precharge CAS hold time tapc 10 10 10 ns 

Read command hold time trRH 10 10 10 ns (Note 13) 
referenced to RAS 
RAS hold time trsH 20 20 20 ns 

Rise and fall transition time ty 3 50 3 50 3 50 ns (Note 3) 
Write command hold time tweou 15 15 15 ns 
Write command setup time twos ie) 0 0 ns (Note 16) 
WE hold time twur 15 15 15 ns 
WE setup time twsR 10 10 10 ns 
Write command pulse width twp 15 15 15 ns (Note 14) 

Notes: 

(1) All voltages are referenced to GND. ; - (11) Operation within the trop (max) limit assures that trac (max) 


can be met. trop (max) is specified as a reference point only; if 
tacp is greater than tacp (max), then access time is controlled 
exclusively by tcac. 


(2) An initial pause of 100 ys is required after power-up, followed by 
any eight RAS cycles, before proper device operation is 
achieved. At the end of the initial power-up sequence, it is 
recommended that either a RAS-only or CAS before RAS refresh (12) The topp requirement should be applicable for RAS/CAS yale 


cycle be executed while WE 2 Vj} to ensure normal operation. preceded by any cycle. 

(8) Ac measurements assume ty = 5ns. (13) Either tany or troy must be satisfied for a read cycle. 

(4) Vin (min) and Vi_ (max) are reference levels for measuring the (14) Parameter twp is applicable for a delayed write cycle such as a 
timing of input signals. Transition times are measured between read-write/read-modify-write cycle. For early write operation, 
Vin and Vip. both twcs and twoH must be met. 

(5) lect lees: loca, and logs depend on output loading and cycle (15) These parameters are referenced to the falling edge of CAS for 
rates. Specified values are obtained with the output open. Ioo3 early write cycles and to the falling edge of WE for area write 
is measured assuming that all column address inputs are held at or read-modify-write cycles. 


either a high level or a low level during RAS-only refresh cycles. 
loca is measured assuming that all column address inputs are 
switched only once during each fast-page cycle. 


(16) twos, tawo: tcwo, and tawp are restrictive operating parame- 
ters in read-write/read-modify-write cycles only. If twos = twos 
(min), the cycle is an early write cycle and the data output will 


(6) The minimum specifications are used only to indicate the cycle remain open-circuit throughout the entire cycle. Iftcwp = tcwp 

time at which proper operation over the full temperature range (min), tawp = trwo (min), and tawp 2 tawp (min), the cycle is 

(Ta = 0 to +70°C) is assured. a read-write cycle and the data output will contain data read 

from the selected cell. If neither of the above conditions is met 

Load = 2TTL (1 mA, +4 mA) loads and 100 pF. ’ 

@ ¢ mee P the condition of the data output pin (at access time and until 
(8) Assumes that tacp = trcp (max) and trap = trap (max). If CAS returns to Vj) is indeterminate. 


trop oF trap is greater than the maximum recommended value 
in this table, trac increases by the amount that tacp or trap 
exceeds the value shown. 


(17) A test mode may be initiated by executing a CAS before RAS 
refresh cycle with WE held at Vii. This mode also may inadvert- 
ently be initiated during power-up because external control of 


(9) Iftrap = trap (max), then the access time is defined by ty. the signal lines is very difficult during this period. It is therefore 
(10) torr (max) defines the time at which the output achieves the recommended that while WE is held at Vij, either a RAS-only or 
open-circuit condition and is not referenced to Voy or VoL. CAS before RAS refresh cycle be executed at any time after the 
end of the initial power-up sequence to ensure normal device 

operation. 
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Timing Waveforms 


Read Cycle 
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Timing Waveforms (cont) 


Early Write Cycle 
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Timing Waveforms (cont) 


Fast-Page Read Cycle 
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Timing Waveforms (cont) 


Fast-Page Early Write Cycle 
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Timing Waveforms (cont) 
Hidden Refresh Cycle 


CAS Before RAS Cycle 
tRC 
tras 
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CAS Before RAS Cycle 
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Timing Waveforms (cont) 


RAS-Only Refresh Cycle 


OO 
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Package Drawings 


72-Pin Socket-Mountable SIMM (MC-421000A36B/F) 


Millimeters 
25.4 
5.28 
1.57 rad 


Item _Millimeters Inches 

107.95 +0.2 4.250 + .008 
101.19 +02 9.984 + .008 

0.75 min .029 min 


1.27 .050 

3.38 133 

44.45 1.750 

6.36 250 

95.25 +0.1 3.750 + .004 


1.27 050 
6.35 250 
2.03 080 
6.35 .250 
2.7 min 





Item 
M 
N 
_F 0.75 min 029 min P 
_G 1016 40) 8©~—D S 3.17 dia 
T 
U 
Vv 
Ww 
x 


riA |e [— (Lig |nj/wl> 


1M = »PD421000GX 1M x 1 DRAM (TSOP) 


4M = »PD424400LA 1M x 4 DRAM (300-mil SOJ) 
83NR-8166B (6/92) 
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Package Drawings (cont) 





72-Pin Socket-Mountable SIMM (MC-421000A36BD/FD, BE/FE) 


Item _Millimeters 

M254 

N 93 

P__1.57 rad 
10.16 400 S$ 3.17 dla 

T 

U 

Vv 

w 

x 


Item  Millimeters Inches 
A 107.95 +02 4.250 + .008 
B 101.19 +0.2 3.984 + .008 
F 0.75 min 029 min 
G 
H 
I 
J 
K 
L 


1.27 050 
6.35 250 
2.03 .080 
8.35 250 
2.7 min 


»PD424400LB, 1M x4 DRAM uPD421000LA, 1M x 1 DRAM 
(350-mll SOJ) (300-mil SOU) 


»PD424400LA, 1M x4 DRAM 
(300-mil SOJ) 





83NR-8177B (9/92) 
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NV. io Cc MC-421000A36 


Package Drawings (cont) 


72-Pin Socket-Mountable SIMM (MC-421000A36BH/FH) 


Millimeters Inches 
31.75 1.250 
5.28 208 
1.57 rad 062 rad 


Item  Milllmeters inches 

107.95 +0.2 4.250 + .008 
101.19 +0.2 3.984 + .008 

0.75 min .029 min 


1.27 
6.35 
2.03 
6.35 
2.7 min 


1.27 050 
3.38 -133 
44.45 

6.36 250 
95.25 +0.1 


item 
M 
N 

SS _P 157 rad_—062 rad 
10.16 : S 3.17 dia 125 dia 

T 
U 
Vv 
Ww 
X 


rm l[Aiq@ J— (XL IOin}|w |> 


1M = »PD421000LA 1M x 1 DRAM (300-mil SOV) 


4M = uPD424400LB 1M x 4 DRAM (350-mil SOV) 
49NR-713B (10/91) 
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MC-421000A36 


Package Drawings (cont) 


72-Pin Socket-Mountable SIMM (MC-421000A36BJ/F J) 


ftem _‘Nillilmeters 
107.95 + 0.2 
101.19 +0.2 
0.75 min 
10.16 

1.27 

6.35 

2.03 

6.35 

2.7 min 


A 
B 
F 
G 
H 
i 
J 
K 
L 


Inches 
4.250 + .008 
3.984 + .008 
029 min 
400 
050 
.250 
.080 
.250 


1M = uPD421000LA 1M x 1 DRAM (300-mil SOu) 
4M = 4PD424400LA 1M x 4 DRAM (300-mil SO) 
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NEC 


Package Drawings (cont) 


72-Pin Socket-Mountable SIMM (MC-421000A36B T/F T) 


Item Miltlimeters 
107.95 + 0.2 
101.19 +0.2 
0.75 min 
10.16 

1.27 

6.35 

2.03 

6.35 

2.7 min 


> 


B 
F 
G 
H 
I 
J 
K 
L 


inches 

4.250 + .008 
3.984 + .008 
029 ‘min 
-400 

.050 

250 

.080 

250 


1M = pPD421000GX 1M x 1 DRAM (TSOP) 
4M = uPD424400GS 1M x 4 DRAM (TSOP) 


MC-421000A36 





49QNR-6166B (10/91) 
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MC-421000A36 N. E Cc 


NEC 


NEC Electronics Inc. 


Description 


The MC-421000AA40 and MC-421000AB40 are fast- 
page dynamic RAM modules organized as 1,048,576 
words by 40 bits and designed to operate from a single 
+5-volt power supply. Advanced CMOS circuitry en- 
sures minimum power dissipation and excellent oper- 
ating margins. 


The three-state output is controlled by CAS indepen- 
dent of RAS. After a valid read or read-modify-write 
cycle, data is held on the output by holding CAS low. 
Data output is returned to high impedance by returning 
CAS high. Fast-page read and write cycles can be 
executed by cycling CAS. Refreshing is accomplished 
by means of RAS-only refresh cycles, CAS before RAS 
refresh cycles, hidden refresh cycles, or by the 1024 
address combinations of Ag - Ag during a 16-ms period. 


The MC-421000AA40 is formed by ten 1M x 4 DRAMs 
(uPD424400). The MC-421000AB40 is formed by ten 
512K x 8 DRAMs (uPD424800). Both modules have 10 
power supply decoupling capacitors for noise reduc- 
tion and are packaged in 72-pin Single Inline Memory 
Modules (SIMM™). 


Features 

O 1,048,576-word by 40-bit organization 
O Single +5-volt power supply 

O Fast-page option 

O Low power dissipation 

O RAS-only refresh cycles 

© CAS before RAS refresh cycles 

O Hidden refresh cycles 

QO 1024 refresh cycles every 16 ms 

O TTL-compatible inputs and outputs 
0 72-pin SIMM packaging 


SIMM is a trademark of Wang Laboratories. 


60196 


MC-421000AA40, -421000AB40 
1,048,576 x 40-Bit 
Dynamic CMOS RAM Module 


Pin Configuration 


72-Pin SIMM 


Lye] NTN nN 


OE 
|_2Q20_| 
| DOs | 
| DQ, | 
| DQ | 
| DQe0 | 
| DQe3 | 
| 0236 _| 
| NC 
| Dao | 





Notes: 
[1] Signal assignments to pins 43 and 45. 


MC-421000AA40 | MC-421000AB40 


nc_| OAS, 


p NC RAS) 


[2] Pins 69 and 70 are defined by access time. 


cone] 
a 





83YL-8184A 
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Pin Identification 








Name Function 
Ag - Ag Address inputs 2 
CASp - CAS, Column address strobes 
DQo - DQ39 . Common data inputs/outputs 
OE Output enable 
RASo, RAS, | _ Row address strobes 
_ WE ’ Write enable 
~ GND Ground 
Voc e +5-volt power supply 
NC * No connection 





Ordering Information 











Part Number Access Time (max) . Package Height Thickness DRAMs 
MC-421000AA40B-60 60 ns 72-pin socket-mountable , 254mm _ 5.08 mm Ten pPD424400LA 
B-70 " 70 ns 7 SIMM (solder plating) . (1.0 inch) (0.2 inch) | 
B-80 80 ns 
_B-10 100 ns 
MC-421000AA 40F-60 60'ns 72-pin socket-mountable 
F-70 : 70 ns ~— SIMM (gold plating) 
F-80 80 ns 
. F-10 100 ns 
MC-421000AB40B-60 60 ns 72-pin socket-mountable 20.0 mm 9.3 mm Ten uPD424800LE 
B-70 70 ns’ SIMM (solder plating) (0.787 inch) (0.366 inch) 
B-80 80 ns . 
B-10 "100 ns 
MC-421000AB40F-60 -. 60 ns. 72-pin socket-mountable 
F-70 he 70 ns ~ SIMM (gold plating) 
F-80 _ 80.ns 
F-10 100 ns 





iw) 


EE MC-421000AA40, -421000AB40 





MC-421000AA40 Connection Diagram MC-421000AB40 Connection Diagram 


, We CAS RAS OF 


vO+ WE CAS RAS OE 
VOo 

1 
VO3 M 


vo WE CAS RAS OE 
VO2 
Og 
VO4 
VO5 
Og 
VO7 
vOg 


VO4 
VOo 
VO3 
VO4 
VO5 
Og 
VO7 


Veo o—¢}——> MO-M9 (uPD424800LE) 
C0-C9 


GND ras ena 


Vec —- MO0-M9 (PD424400LA) 83YL-8186A 
co-cs 
GND 0o—o——__> 
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Absolute Maximum Ratings 


NEC 


Recommended Operating Conditions 





Voltage on any pin relative to GND -1.0 to +7.0V Parameter Symbol Min Typ Max Unit 
Operating temperature, Topr 0 to +70°C Input voltage, high Vin 2.4 Veo + 1.0 Vv 
Storage temperature, Totq —-55 to + 125°C Input voltage, low Vit -1.0 0.8 V 
Short-circuit output current, log 50 mA Supply voltage Voc 4.75 5.0 5.25 V 
Power dissipation, Pp 10 W Ambient temperature Ta 0 70 °C 
Exposure to Absolute Maximum Ratings for extended periods may 
affect device reliability; exceeding the ratings could cause perma- 
nent damage. The device should be operated within the limits 
specified under Recommended Operating Conditions. 
Capacitance 
Ta = 25°C; f = 1 MHz 
Parameter Symbol MC-421000AA40 (max) MC-421000AB40 (max) Unit Pins Under Test 
Input Cy 65 60 pF Ao - Ag 
capacitance Cp 70 85 pF WE, OE 
Cig 60 40 pF RAS 
Clq 60 40 pF CAS 
input/output capacitance Ci 4/Co4 12 20 pF DQp - DQgg 
DC Characteristics 
Ta = 0 to +70°C; Veg = +5.0V £5% 
Parameter Symbol Min Max Unit Test Conditions 
Standby current loce 20 mA RAS = CAS 2 Viy (min) 
10 mA RAS = CAS = Voc -0.2V 
Input leakage current hay -100 100 uA Vin = 0V to Voc; 
all other pins not under test = 0 V 
Output leakage current low -10 10 yA DQpo to DQgg disabled; Vout = OV to Voc 
Output voltage, low VoL 0.4 V lo = 4.2 mA 
Output voltage, high Vou 2.4 V lon = -5 mA 
AC Characteristics 
Ta = Oto +70°C; Voc = +5.0 V 10% 
-60 -70 -80 -10 

Parameter Symbol Min’ Max Min Max Min Max Min Max _ Unit Test Conditions 
Operating current, average lec1 1250 1050 950 800 mA RAS and CAS cycling; 

tro = tro min; 

Io = 0 mA (Note §) 
Operating current, RAS-only loca 1250 1050 950 800 mA — RAS cycling; CAS = Vix; 
refresh cycle, average tac = tro min; 

lo = 0 mA (Note 5) 
Operating current, fast-page loca 900 800 700 600 mA RAS s Vi; CAS cycling; 
cycle, average tpc = tpc min; 

Io = 0 mA (Note 5) 
Operating current, CAS before locos 1250 1050 950 800 mA RAS cycling; CAS before 


RAS refresh cycle, average 


py 


RAS; tac = tao min; 
lo = 0 mA (Note 5) 


N. iz Cc MC-421000AA40, -421000AB 40 


AC Characteristics (cont) 














-60 -70 -80 -10 
Parameter Symbol Min’ Max Min Max Min Max Min Max _ Unit Test Conditions 
Access time from column address tag 30 35 40 50 ns (Notes 3, 4, 7, 8) 
Access time from CAS precharge _ tacp 35 40 45 55 ns (Notes 3, 4, 7, 8) 
(rising edge) 
Column address setup time tasc 0 0 0 0 ns 
Row address setup time tasR ie) 0 0 0 ns 
Column address to WE delay tawp «50 55 65 80 ns _—_ (Note 14) 
time 
Access time from CAS tcac 20 20 20 25 ns (Notes 3, 4, 7, 8) 
(falling edge) 
Column address hold time tcaH 15 15 15 20 ns 
CAS pulse width tcas 20 10,000 20 10,000 20 10,000 25 10,000 ns 
CAS hold time for CAS before tcup 15 15 15 20 ns 
RAS refresh cycle 
CAS to output in low impedance toLz 0 0 0 0 ns (Notes 4, 7) 
CAS precharge time, fast-page top 10 10 10 10 ns 
cycle 
CAS precharge time, nonpage tcpn 10 10 10 10 ns 
cycle 
CAS to RAS precharge time tcrp ‘10 10 10 10 ns _—_ (Note 10) 
CAS hold time tosy 60 70 80 100 ns 
CAS setup time for CAS before tcsp «10 10 10 10 ns 
RAS refresh cycle 
CAS to WE delay tcwo 40 40 45 55 ns (Note 14) 
Write command to CAS lead time tow, 15 15 15 20 ns 
Data-in hold time ton 15 15 15 20 ns (Note 13) 
Data-in setup time tos 0 0 0 0 ns (Note 13) 
Access time from OE toEA 20 20 20 25 ns __ (Notes 3, 4, 7, 8) 
OE delay data time toep ~—s«15 15 20 25 ns 
OE command hold time toEH 0 0 0 0 ns 
OE to inactive setup time toes 0 0 0 0 ns 
Output turnoff delay from OE toEz 0 15 0 15 0 20 ) 25 ns _—_ (Note 9) 
Output buffer turnoff delay torr 0 15 0 15 0 20 0 25 ns (Note 9) 
OE to output in low-Z toLz ) 0 0 0 ns _ (Notes 6, 7) 
Fast-page cycle time tpco 40 45 50 60 ns (Note 6) 
Access time from RAS trac 60 70 80 100 ns (Notes 3, 4, 7, 8) t 
RAS to column address delay trap 15 30 15 35 17 40 17 50 ns (Note 8) 
time 
Row address hold time tray 10 10 12 12 ns 
Column address lead time tRAL 30 35 40 50 ns 
referenced to RAS (rising edge) 
RAS pulse width tras 60 10,000 70 10,000 80 10,000 100 10,000 ns 
RAS pulse width, fast-page cycle tpasp 60 125,000 70 125,000 80 125,000 100125,000 ns 
Random read or write cycle time tac 120 140 160 190 ns (Note 6) 





or 
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AC Characteristics (cont) 











-60 -70 -80 -10 

Parameter Symbol Min) Max Min Max Min Max Min Max _ Unit Test Conditions 

RAS to CAS delay time tacp 20 40 20 50 2 60 2 £70 ns _ (Note 8) 

Read command hold time trou 0 0 0 0 ns (Note 11) 

referenced to CAS 

Read command setup time tacos 0 0 0 0 ns 

Refresh period tREF 16 16 16 16 ms Addresses Ao - Ag 
RAS precharge time trp 50 60 70 80 ns 

RAS precharge CAS hold time _trpc 10 10 10 10 ns 

Read command hold time . tRRH 10 10 10 10 ns (Note 11) 

referenced to RAS 

RAS hold time trasH 20 20 20 25 ns 

Read-write cycle time tawo 165 185 210 250 ns _—_ (Note 6) 

RAS to WE delay trwo _—-80 90 105 130 ns _ (Note 14) 

Write command to RAS leadtime tpwr 20 20 20 25 ns 

Rise and fall transition time tr 3 50 3 50 3 50 3 50 ns (Note 4) 

Write command hold time twcH 15 15 15 20 ns (Note 12) 

Write command setup time twes 0 0 0 0 ns (Note 14) 

WE hold time twHR 15 15 15 20 ns 

Write command pulse width twp 15 15 15 20 ns (Note 12) 

WE setup time twsR «10 10 10 10 ns 

Notes: 

(1) All voltages are referenced to GND. (9) torr (max) and tog¢z (max) define the time at which the outputs 


(2) An initial pause of 100 ps is required after power-up, followed by become open-circuit and are not referenced to Voy or VoL- 


any eight RAS cycles, before proper device operation is (10) The torp requirement should be applicable for RAS/CAS cycles 
achieved. At the end of the initial power-up sequence, it is preceded by any cycle. 
recommended that either_a RAS-only or CAS before RAS refresh 


11) Either t ort must be satisfied for a read cycle. 
cycle be executed while WE = Vj}; to ensure normal operation. (11) Either tray oF tach sian ~ 


(12) Parameter twp is applicable for a delayed write cycle such as a 
read-write/read-modify-write cycle. For early write cycles, both 
(4) Vit (min) and Vi_ (max) are reference levels for measuring the twcos and twcoH must be met. 
timing of input signals. Transition times are measured between (13) 
Ving and Vi. 


(3) Ac measurements assume ty = 5ns. 


These parameters are referenced to the falling edge of CAS for 
early write cycles and to the falling edge of WE for delayed write 
(©) loot loos: loca, and locos depend on output loading and cycle or read-modify-write cycles. 
tates. Specified values are obtained with the output open. Iog3 (14) 
is measured assuming that all column address inputs are held at 
either a high level or a low level during RAS-only refresh cycles. 
Ioc4 is measured assuming that all column address inputs are 
switched only once during each fast-page cycle. 


twos) tawo: tcwp: and tawp are restrictive operating parame- 
ters in read-write/read-modify-write cycles only. Iftwos 2 twos 
(min), the cycle is an early write cycle and the data I/O pins will 
remain open-circuit throughout the entire cycle. If tewp 2 tcwp 
(min), tawp = trwp (min), and tawp = tawp (min), then the cycle 


(6) The minimum specifications are used only to indicate the cycle is a read-write cycle and the data I/O pins will contain data read 
time at which proper operation over the full temperature range from the selected cells. If neither of the above conditions is met, 
(Ta= 0 to +70 °C) is assured. : the condition of the data I/O pins (at access time and unti! CAS 

(7) Load = 2 TTL (1 mA, +4 mA) loads and 100 pF (Voy=2.0V returns to Vj}9) is Indeterminate, 
and Vo,= 0.8 V). (15) A test mode may be initiated by executing a CAS before RAS 


tefresh cycle with WE held at Vj,. This mode also may inadvert- 
antly be initiated during power-up because external control of 
the signal lines is very difficult during this period. It_is therefore 
recommended that while WE is held at Vjy, either a RAS-only or 
CAS before RAS refresh cycle should be executed at any time 
after the end of the initial power-up sequence to ensure norma! 
device operation. 


(8) If tacp < tracg (max) and trap < trap (max) access time is 
defined by trac (max). If tacp 2 tacp (max) access time is 
defined by tcac (max) and if taan = trap (max) access time is 
defined by ta, (max). 


NEC 


Timing Waveforms 


Read Cycle 


Address 


High Impedance 
Input/Output gone 


MC-421000AA40, -421000AB 40 
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Timing Waveforms (cont) 


Early Write Cycle 


Address 


Input/Output XXX) 


Note: 
[1] OE = don't care. 





NEC 
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Timing Waveforms (cont) 


Late Write Cycle 


'OEH 


© LLL LL __ Mi 


'DH 


OE 


rowones WANVANYANYANYANY ANA 
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Timing Waveforms (cont) 


Read-Write/Read-Modify-Write Cycle 


Address 


| 


Ne | 


OE 


Input/Output 


tCAC 


High Impedance | 


|| 


tRAC 
a << toLz 
toLz 





tOEH 


/ AMM 


tOED 
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Timing Waveforms (cont) 


Fast-Page Read Cycle 





Address 


tAA 
| 
tacP 


tOES 


EN MT. 


| 
tOEA’ 'OEZ toEZ 


TRAC 1CAC ‘CAC OFF 


‘OFF 
High | | | | | High 
impedance 
Inpu/Output a (N Valid Data-out | iN Valid Data-out ‘. Valid Data-out pwmpedance 
tOLzZ 


tOLz toLz 
tcLz tcLz tcLz 
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Timing Waveforms (cont) 


Fast-Page Early Write Cycle 


\\ 


tRAD tasc 


tcAH tasc tCAH 


'RAH 
X) KON (KXXXX) KKKKAKAKAKAK KY 
Address {Pow | CH coure | WY [ courn J ay ee GOs 
| 


[1] OE = don't care. 
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Timing Waveforms (cont) 


Fast-Page Late Write Cycle 





TRAL 
tasc tCAH 


tOEH 


AUN 


= ae 
= TU) TNL MIL 





OXKKNY 79, 
SX Dan KOON 
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Timing Waveforms (cont) 


Fast-Page Read-Write/Read-Modify-Write Cycle 


tcRP tRCD 


TRAD 
TASR i tCAH tRAL 


"RAH tasc tasc CAH 
| 


Address 


\ 
| | aD 


'RCS 


i ae 
MLL 


[LMM 


tOEA 
tcAC 


| : 
i | a 5 High Impedance 
Input/Output igh Impedance » ta ( Data ¢: Data-in J g p 


H 
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Timing Waveforms (cont) 


Hidden Refresh Cycle 


Memory Cycle CAS Before RAS Cycle CAS Before RAS Cycle 


tre tre tRc 
tRAS tRAS tRAS 


tcRP 
//} 
TRAH 


TASR tRAD tRAL 


Address 


tOEA torr 


exc toez 


tOLz 
High 


9 
High imped 
Input/Output —— iy Valid Data-out a 
_ 





83VB-6785B 
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Timing Waveforms (cont) 


RAS-Only Refresh Cycle 


tap 
tRPC 


AUN 


Notes: 
[1] WE = OE = don't care. 





CAS Before RAS Refresh Cycle 


twsn>| be-win 
= 77) KOA 


High Impedance 


Input/Output 
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Package Drawings 


72-Pin Socket-Mountable SIMM (MC-421000AA40B/F) 


Item _ Millimeters Inches Item _ Millimeters Inches 

107.95 +0.2 4.250 +.008 25.40 1.000 
101.19 +0.2 3.984 +.008 5.08 .200 

1.04 041 1.57 rad .062 rad 

10.16 400 3.17 dia .125 dia 

1.27 .050 4.27 .050 

6.35 .250 3.38 .133 

2.03 .080 44.45 1.750 

6.35 .250 6.36 .250 

2.54 min -100 min 95.25 +0.1 3.750 + .004 





A 
B 
F 
G 
H 
! 

J 
K 
L 


xlsl<loclalolvjz l= 


MG-421 000AA40B/F 83YL-8187B (11/91) 
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Package Drawings (cont) 


72-Pin Socket-Mountable SIMM (MC-421000AB40B/F) 


Item _‘Millimeters Inches Item _ Millimeters Inches 
107.95 +0.2 4.250 +.008 20.00 .787 
101.19 +0.2 3.984 +.008 9.30 .366 : 
1.04 041 1.57 rad .062 rad 
10.16 .400 3.17 dia .125 dia 
1.27 .050 1.27 .050 
6.35 .250 3.38 -133 
2.03 .080 44.45 1.750 
6.35 .250 6.36 .250 
2.54 min -100 min 95.25 +0.1 3.750 + .004 


HPRISC{—-/LIO[nNs| Dl y 





MC-421000A840B/F 83YL-8188B (11/91) 
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NEC 


NEC Electronics Inc. 


Description 


The MC-422000A32 is a fast-page dynamic RAM mod- 
ule organized as 2,097,152 words by 32 bits and de- 
signed to operate from a single +5-volt power supply. 
Advanced CMOS circuitry ensures minimum power 
dissipation and excellent operating margins. 


The three-state output is controlled by CAS indepen- 
dent of RAS. After a valid read or read-modify-write 
cycle, data is held on the output by holding CAS low. 
Data output is returned to high impedance by returning 
CAS high. Fast-page read and write cycles can be 
executed by cycling CAS. Refreshing is accomplished 
by RAS-only refresh cycles, CAS before RAS refresh 
cycles, hidden refresh cycles, or by the 1024 address 
combinations of Ag - Ag during a 16-ms period. 


The MC-422000A36 is packaged in a variety of Single 
Inline Memory Modules (SIMM™). Each SIMM contains 
sixteen 1,048,576 x 4-bit uPD424400 DRAMs, and 16 
power supply decoupling capacitors for noise reduc- 
tion. DQg - DQ3; are common input/output pins. 


Features 


2,097,152-word by 32-bit organization 
Single +5-volt power supply 
Fast-page cycles 

Low power dissipation 

RAS-only refresh cycles 

CAS before RAS refresh cycles 
Hidden refresh cycles 

1024 refresh cycles every 16 ms 
TTL-compatible inputs and outputs 
72-pin SIMM packaging 


ooaaoaeanaAanaaA Aa 


Pin Identification 


Name Function 

Ag ~ Ag Address inputs 

CAS - CAS3 Column address strobes 

DQ - DQ3; Common data inputs/outputs 
RASp - RAS3 Row address strobes 

WE Write enable 

GND Ground 

Voc +5-volt power supply 

NC No connection 


SIMM is a trademark of Wang Laboratories. 


60211 


MC-422000A32 
2,097,152 x 32-Bit 
Dynamic CMOS RAM Module 


Pin Configuration 


72-Pin Socket-Mountable SIMM 


a 
id 


a 
N 


2 


: S 
ig 


s 
£) 


GBEGEE 
iia 
8 


| Pin |_ Symbol _| 
rig{ nc | 
20 | boy | 
Pat | DO29 | 
Ea 
P23 | BO. | 
28 | 0g 
25 | BOo9 _| 
r26| pay | 
aia 
AZ 
rae | No] 
30 | Veo | 
St 
33 | AAS _| 
36 | RAS | 


| 40 | 
| 42 | 
| 43 | 
| 44 | 
| 4s | 
| 46 | 
| 48 | 
| 49 | 
| 50 | 
| 51 
| 52 | 
| $3 | 


j3e] Nc | 


Notes: 
[1] Pins 87-70 are defined by access time: 


2 2 g| g| 
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Ordering Information 


Part Number Access Time (max) 
MC-422000A32B-60 60 ns 
B-70 70 ns 
B-80 80 ns 
B-10 100 ns 
MC-422000A32F-60 60 ns 
F-70 70 ns 
F-80 80 ns 
F-10 100 ns 
MC-422000A32BJ-60 60 ns 
BJ-70 70 ns 
BJ-80 80 ns 
BJ-10 | 100 ns 
MC-422000A32FJ-60 60 ns 
FJ-70 70 ns 
FJ-80 80 ns 
FJ-10 100 ns 


Package 


72-pin socket-mountable 
SIMM (solder plating) 


72-pin socket-mountable 
SIMM (gold plating) 


72-pin socket-mountable 
SIMM (solder plating) 


72-pin socket-mountable 
SIMM (gold plating) 


Height Thickness 


25.4 mm 9.3mm 
(1.0 inch) (0.366 inch) 


31.75 mm 9.3mm 
(1.250 inch) (0.366 inch) 


NEC 


DRAMs 
Sixteen uPD424400LA 


Sixteen uPD424400LA 





NV. iz C MC-422000A32 


Connection Diagram 











MC-422000A32 N. E Cc 


Absolute Maximum Ratings Capacitance 
RD Se Te has ee ES hgh week Po Pe, eee em rena Ta = 25°C; f = 1 MHz 











Voltage on any pin relative to GND -1.0 to +7.0V 

Operating temperature, Topr Oto +70°C Parameter Symbol! Max Unit Pins Under Test 
Storage temperature, Tgtg —55 to + 125°C mput F i eh ia mo 

————— capacitance C 137 F WE 

Short-circuit output current, log 50 mA l2 P 

Power dissipation, Pp 16 W Crs 2 er lee 

es GeO fo ee ee ee ee Se ee C4 48 pF CAS 


Exposure to Absolute Maximum Ratings for extended periods may 
affect device reliability; exceeding the ratings could cause perma- 
nent damage. The device should be operated within the limits 
specified under DC and AC Characteristics. 


Input/output  C)4/Co4 29 pF DQo - DQ3; 
capacitance 





Recommended Operating Conditions 


Parameter Symbol Min Typ Max Unit 
Input voltage, high Vin 2.4 Veo + 1.0 Vv 
Input voltage, low ViL -1.0 0.8 V 
Supply voltage Voc 4.75 5.0 §.25 V 
Ambient temperature Ty (°) 70 °C 


DC Characteristics 
Ta = Oto + 70°C; Veg = +5.0V +5% 


Parameter Symbol Min Max Unit Test Conditions 





Standby current loce 32 mA RAS = CAS. > Vy (min) 
16 mA RAS = CAS = Veo - 0.2 V 
Input leakage current Wty ~160 160 uA Vin = OV to Vog; 
all other pins not under test = 0V 
Output leakage current loa) -10 10 LA ; DQo to DQ31 disabled; Voyt = OV to Voc 
Output voltage, low VoL 0.4 V lop = 4.2 mA 
Output voltage, high Vou 2.4 V lon = -S5 mA 


NEC 





AC Characteristics 
Ta = Oto +70°C; Voc = +5.0 V +5% 
. -60 -70 -80 -10 
Parameter Symbol Min Max Min Max Min Max Min Max Unit Test Conditions 
Operating current, loc1 1020 860 780 700 mA RAS and CAS cycling; 
average tro = tac min; 
lo = O mA (Note 5) 
Operating current, loca 1020 860 780 700 mA RAS cycling; CAS = Vip; 
RAS- only refresh tro = tao min; 
cycle, average lo = O mA (Note 5) 
Operating current, loca 780 700 620 540 mA RAS < Vj; CAS cycling; 
fast-page cycle, tpc = tpo min; 
average lo = 0 mA (Note 5) 
Operating current, locos 1020 860 780 700 mA RAS cycling; CAS before 1 Of 
CAS before RAS RAS; tac = tro min; 
refresh cycle, lo = O mA (Note 5) 
average 
Access time from tra 30 35 40 50 ns (Notes 7, 9) 
column address 
Access time from tacp 35 40 45 55 ns (Notes 7, 9) 
CAS precharge 
(rising edge) 
Column address tasc 0 20 0 20 0 20 0 25 ns 
setup time : 
Row address setup = tagn 0 0 0 0 ns 
time 
Access time from tcac 15 20 20 25 ns (Notes 7, 9) 
CAS 
(falling edge) 
Column address toaH 17 17 20 20 ns 
hold time 
CAS pulse width tcas 20 10,000 20 10,000 20 10,000 25 10,000 ns 
CAS hold time for — tour 15 15 15 20 ns 
CAS before RAS 
refresh cycle 
Data setup time toLz 0 0 0 0 ns 
CAS precharge top 10 10 10 10 ns 
time, fast-page 
cycle 
CAS precharge tcopn 10 10 10 10 ns 
time, nonpage 
cycle 
CAS to RAS tcrp 10 10 10 10 ns (Note 12) 
precharge time 
CAS hold time tosy 60 70 80 100 ns 
CAS setup time for —togpr 10 10 10 10 ns 
CAS before RAS 
refresh cycle 
Data-in hold time tou 15 15 15 20 ns (Note 15) 
Data-in setup time tps ns (Note 15) 
Output buffer toFF 15 15 20 25 ns (Note 10) 


turnoff delay 
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AC Characteristics (cont) 


-60 
Parameter Symbol Min Max 
Fast-page cycle tec 40 
time 
Access time from trac 60 
RAS 
RAS to column trap 15 30 
address delay time 
Row address hold tRAH 10 
time 
Column address tRAL 30 
lead time 
referenced to RAS 
(rising edge) 
RAS pulse width tras 60 10,000 
RAS pulse width, trasp 60 100,000 
fast-page cycle 
Random read or tac 120 
write cycle time 
RAS to CAS delay trop 20 40 
time 
Read command tacH 0 
hold time 
referenced to CAS 
Read command tacos 0 
setup time 
Refresh period tREF 16 
RAS precharge trap 50 
time 
RAS precharge trpc 10 
CAS hold time 
Read command tRRH 10 
hold time 
referenced to RAS 
RAS hold time trsH 20 
Rise and fall ty 3 50 
transition time 
Write command twou 15 
hold time 
Write command twos 0 
setup time 
WE hold time tWwHR 15 
WE setup time twsr 10 
Write command twp 15 


pulse width 


Min 


45 


15 


10 


35 


70 
70 


140 


20 


60 


10 


10 


20 


15 


15 
10 
15 


Max 


70 


35 


10,000 
100,000 


50 


16 


50 


17 


12 


40 


80 
80 


160 


25 


70 


10 


10 


20 


15 


15 
10 
15 


80 


40 


10,000 
100,000 


60 


16 


50 


Min 
60 


17 


12 


50 


100 
100 


190 


25 


80 


10 


10 


25 


20 


20 
10 
20 


Max 


100 


50 


10,000 
100,000 


75 


16 


50 


Unit 


ns 


ns 


ns 


ns 


ns 


ns 


ns 


ns 


ns 


ms 


ns 


ns 


ns 


ns 


ns 


ns 


ns 


ns 
ns 


ns 


NEC 


Test Conditions 
(Note 6) 


(Notes 7, 8) 


(Note 9) 


(Note 6) . 
(Note 11) 


(Note 13) 


Addresses Ag - Ag 


(Note 13) 
(Note 3) 


(Note 16) 


(Note 14) 
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AC Characteristics (cont) 
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Notes: 


(1) 
(2) 


(3) 
(4) 


(6) 


(6) 


(8) 


(9) 
(10) 


All voltages are referenced to GND. 


An initial pause of 100 ys is required after power-up, followed by 
any eight RAS cycles, before proper device operation is 
achieved. At the end of the_initial power-up sequence, it is 
recommended that either a RAS-only refresh or a CAS before 
RAS refresh cycle be executed while WE > Vj, to ensure normal 
operation. 


Ac measurements assume ty = Sns. 


Vin (min) and Vi, (max) are reference levels for measuring the 
timing of input signals. Transition times are measured between 
Vin and Vin: 


loc1 loca: loca, and locos depend on output loading and cycle 
rates. Specified values are obtained with the output open. Iogg 
is measured assuming that all column address inputs are held at 
either a high level or a low level during RAS-only refresh cycles. 
loco4 is measured assuming that all column address inputs are 
switched only once during each fast-page cycle. 


The minimum specifications are used only to indicate the cycle 
time at which proper operation over the full temperature range 
(Ta = Oto +70°C) is assured. 


Load = 2 TTL (-1 mA, +4 mA) loads and 100 pF. 


Assumes that tacp = tacp (max) and trap = trap (max). If 
trcp or trap is greater than the maximum recommended value 
in this table, trac increases by the amount that tacp or tran 
exceeds the value shown. 


If trap = trap (max), then the access time is defined by tga. 


torr (max) defines the time at which the output achieves the 
open-circuit condition and is not referenced to Voy or VoL. 


(11) 


(12) 


(13) 
(14) 


(15) 


(16) 


(17) 


Operation within the tacp (max) limit assures that trac (max) 
can be met. tacp (max) is specified as a reference point only; if 
trop is greater than tacp (max), then access time is controlled 
exclusively by toac. 


The tcopp requirement should be applicable for RAS/CAS cycles 
preceded by any cycle. 


Either tary or troy must be satisfied for a read cycle. 


Parameter twp is applicable for a delayed write cycle suchas a 
read-write/read-modify-write cycle. For early write operation, 
both twes and twop must be met. 


These parameters are referenced to the falling edge of CAS for | 
early write cycles and to the falling edge of WE for delayed write 
or read-modify-write cycles. 


twos; tawp. town, and tawp are restrictive operating parame- 
ters in read-write/read-modify-write cycles only. Iftwos = twos 
(min), the cycle is an early write cycle and the data output will 
remain open-circuit throughout the entire cycle. Iftowp 2 towp 
(min), tawp 2 tawp (min), and tawp = tawp (min), the cycle is 
a read-write cycle and the data output will contain data read 
from the selected cell. if neither of the above conditions is met, 
the condition of the data output pin (at access time and until 
CAS returns to Viz) is indeterminate. 


A test mode may be initiated by executing a CAS before RAS 
refresh cycle with WE held at Vj. This mode also may inadvert- 
ently be initiated during power-up because external control of 
the signal lines is very difficult during this period. It is therefore 
recommended that while WE is held at Vj}, either a RAS-only or 
CAS before RAS refresh cycle should be executed at any time 
after the end of the initial power-up sequence to ensure normal 
device operation. 
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Timing Waveforms 


Read Cycle 


| tROH 
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Timing Waveforms (cont) 


Early Write Cycle 
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Timing Waveforms (cont) 


Fast-Page Read Cycle 


tcac l tAA: 


toac 
teLz 


High impedance Valid Valid Valid 
Pout Ch ee A AL pata-out / 1 AL Data-out 


torr toLz torr 
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Timing Waveforms (cont) 


Fast-Page Early Write Cycle 





tRaD twcH 
twos twes 


ie 


tou tou 


on TT 8) S/he UH 
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Timing Waveforms (cont) 


Hidden Refresh Cycle 





NEC MC-422000A32 


Timing Waveforms (cont) 


RAS-Only Refresh Cycle 


[1] Address = don't care. 
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Package Drawings 


72-Pin Socket Mountable SIMM (MC-422000A32B/F) 


item  Willlimeters Inches 
A 107.95 +02 4.250 + .008 
B 101.19 +0.2 3.984 + .008 
F 1.04 041 
G 10.16 
H 1.27 
I 6.35 
J 2.08 
K 6.85 
L 2.54 min 
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Item 
M 
N 
P 
s 
T 
U 
Vv 
Ww 
x 


Millimeters 
25.4 
9.3 

1.57 rad 
3.17 dia 
1.27 
3.38 
44.45 
6.36 
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Package Drawings (cont) 





72-Pin Socket Mountable SIMM (MC-422000A32/B.J/F J) 


Item _Millimeters Inches tem _Millimeters 
A___ 107.95 +02 4.250 = .008 
B 101.19 +02 3.984 + .008 
F 1.04 041 
G 
H 
I 
d 
K 
L 


31.75 

9.3 

1.57 rad 
3.17 dia 
1.27 

3.38 

44.45 

6.36 

95.25 +0.1 


10.16 
1.27 
6.35 

2.03 
6.35 
2.54 min 





xX/Si<[CjHx/o]ulz i= 
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NEC 


NEC Electronics Inc. 


Description 

The MC-422000A36 is a fast-page dynamic RAM mod- 
ule organized as 2,097,152 words by 36 bits and de- 
signed to operate from a single +5-volt power supply. 


Advanced CMOS circuitry ensures minimum power 
dissipation and excellent operating margins. 


The three-state output is controlled by CAS indepen- 


dent of RAS. After a valid read or read-modify-write 


cycle, data is held on the output by holding CAS low. 
Data output is returned to high impedance by returning 
CAS high. Fast-page read and write cycles can be 
executed by cycling CAS. Refreshing is accomplished 
by RAS-only refresh cycles, CAS before RAS refresh 
cycles, hidden refresh cycles, or by the 1024 address 
combinations of Ag - Ag during a 16-ms period. 


The MC-422000A36 is packaged in a variety of Single 
Inline Memory Modules (SIMM™). Each SIMM contains 
sixteen 1,048,576 x 4-bit uPD424400 DRAMs, eight 
1,048,576 x 1-bit uPD421000 DRAMs, and 24 power 
supply decoupling capacitors for noise reduction. 
DQo - DQ35 are common input/output pins. 


Features 


2,097,152-word by 36-bit organization 
Single +5-volt power supply 
Fast-page cycles 

Low power dissipation 

RAS-only refresh cycles 

CAS before RAS refresh cycles 
Hidden refresh cycles 

1024 refresh cycles every 16 ms 
TTL-compatible inputs and outputs 
72-pin SIMM packaging 


Hoo0d00qea0aqngnae ager a 


Pin Identification 


Name Function 

Ag - Ag Address inputs 

CAS  - CAS Column address strobes 

DQp - DQ35 Common data inputs/outputs 
RAS  - RAS3 Row address strobes 

WE Write enable 

GND Ground 

Voc + 5-volt power supply 

NC No connection 


SIMM is a trademark of Wang Laboratories. 


60123-1 


MC-422000A36 
2,097,152 x 36-Bit 
Dynamic CMOS RAM Module 


Pin Configuration 


72-Pin Socket-Mountable SIMM 


fa 


wits 
ois 


[|] 2/8 [a] 8] [aa 
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Ordering Information 








Part Number Access Time (max) Package Height Thickness DRAMs 

MC-422000A36B-60 60 ns 72-pin socket-mountable 25.4mm 9.3mm Sixteen uPD424400LA 
B-70 = On aa SIMM (solder plating) (1.000 inch) (0.366 inch) Eight uPD421000GX 
B-80 80 ns 

MC-422000A36F-60 60 ns 72-pin socket-mountable 
F-70 ne wee ne ~~ SIMM (gold plating) 
F-80 80 ns 

MC-422000A36BJ-60 60 ns 72-pin socket-mountable 31.75 mm 9.3mm Sixteen uPD424400LA 
B 3-70 70 Aa = SIMM (solder plating) (1.250 inch) (0.366 inch) Eight uPD421000LA 
BJ-80 80 ns 

MC-422000A36FJ-60 60 ns 72-pin socket-mountable 
Fu-70 70 ns SIMM (gold plating) 
FJ-80 80 ns 

MC-422000A36BT-60 60 ns 72-pin socket-mountable 25.4 mm 9.3 mm Sixteen uPD424400GS 
BT. 70 ae 70 ne 7 SIMM (solder plating) (1.000 inch) (0.161 inch) Eight uPD421000GX 
BT-80 80 ns 

MC-422000A36F T-60 60 ns 72-pin socket-mountable 
F170 70 ns SIMM (gold plating) 
FT-80 80 ns 





nw 





Connection Diagram 


WE o> 


Vi 
cc : oon, on 
GND 04> 


DO - D15 (uPD424400) 
MO - M7 (uPD421000) 


RAS CAS 


Din/Dour 


| 
S 
M3 


MC-422000A36 














MC-422000A36 








Absolute Maximum Ratings 


Voltage on any pin relative to GND -1.0 to +7.0 V 
Operating temperature, Topr 0 to +70°C 
Storage temperature, Tgtg -55 to + 125°C 
Short-circuit output current, log ' 50 mA 
Power dissipation, Pp 





Exposure to Absolute Maximum Ratings for extended periods may 
affect device reliability; exceeding the ratings could cause. perma- 
- nent damage. The device should be operated within the limits 


sae specified under DC and AC Characteristics. 


Recommended Operating Conditions 





Parameter Symbol Min Typ Max Unit 
Input voltage, high Vin 2.4 Voo + 1.0 Vv 
Input voltage, low Vit -1.0 08 Vv. 
Supply voltage Voc 4.75 5.0 §.25 Vv 
Ambient temperature Ta 0 70 °C 


DC Characteristics 
Ta = Oto +70°C; Voog = +5.0V +5% 


‘Parameter Symbol Min Max 
Standby current loca 

Input leakage current hay 240 240 
Output leakage current lou) -10 
Output voltage, low VoL io 0.4 
Output voltage, high VoH 2.4. 


24W 





Capacitance 
Ta = 25°C; f = 1 MHz 
Parameter Symbol M Unit Pins Under Test 
Input -Cy 161. pF Ag- Ag 
capacitance Op 1 93 pF We 
Cg 62 pF RAS 
_ Cy 62 pF CAS 
Inputfoutput Cj4/Coy «ss 29 pF DQo- DQ;, DQ - 
capacitance DQig, DQ4g - DQos, 
7 DQo7 - DO34 
CjalCo2 39 pF DQg, DQ47, DQo5, 
DQ35 

Unit Test Conditions 

mA RAS = CAS = Vix (min) 

mA . RAS = CAS 2 Voc-0.2V 

. PA Vin = 0V to Voc; 
all other pins not under test = OV 
HA DQo to DQ35 disabled; Voyt = OV to Voc 
Vv lo. = 4.2 mA 
Nv lon = -5 mA 
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AC Characteristics 
Ta = Oto + 70°C; Veco = +5.0V +5% 














-60 -70 _ 80 
Parameter Symbol Min Max Min Max Min Max Unit Test Conditions 
Operating current, average loci 1380 1180 1060 mA RAS and CAS cyeling; 
, ; : tac = taco min; 
lo = O mA (Note 5) 
Operating current, RAS-only refresh loos 1380 1180 _ 1060 mA RAS cycling; CAS = Vix; 
cycle, average tac = tro min; 
a? lo = O mA (Note 5) 
Operating current, fast-page cycle, loc4 1100 980 860 mA RAS s Vy; CAS cycling; 
average tpo = tpc min; 
lo = O mA (Note 5) 
Operating current, CAS before RAS loos 1380 1180 1060 mA RAS cycling; CAS before 
refresh cycle, average : . RAS; tac = taco min; 
lo = 0 mA (Note 5) 
Access time from column address ta 30 35 40 ns _—_ (Notes 7, 9) 
Access time from CAS precharge tacp 35 40 45 ns (Notes 7, 9) 
(rising edge) 
Column address setup time tasc 0 20 ce] 0 ns 
Row address setup time . tase 0 0 0 ns 
Access time from CAS tcac 20 20 20 ns __ (Notes 7, 9) 
- falling edge) i 
Column address hold time tcoaH 15 17 20 ons 
CAS pulse width tcas 20 10,000 =20 10,000 20 10,000 ns 
GAS hold time for CAS before FAS tcnn —._:*15 15 15 | . ns 
refresh cycle : 
Data setup .time toLz 0) 0 0 ns 
CAS precharge time, fast-page cycle top 10 20 10 10 : ns 
CAS precharge time, nonpage cycle _ topn 10 10. . 10 ns 
CAS to RAS precharge time - 3 toRp ~ 10 10 10 ns (Note 12) 
GAS hold time ee tcsy. 60 70 80 ns 
- CAS setup time for CAS before RAS tcsnp  -—s:'10 10 10 ns 
refresh cycle 
Data-in hold time , toy 15 15 20 ns _—_ (Note 15) 
Data-in setup time ~~. tpg O° ie) 0 ns (Note 15) 
Output buffer turnoff delay. : torr 0 15 0 15 0 20 ns (Note 10) 
Fast-page cycle time — % tpg 40 45 50 ns _ (Note 6) 
Access time from RAS trac 60 70 80 ns —_ (Notes 7, 8) 
RAS to column address delay time trap . 15 30 15. ..35 17 40 ns (Note 9) 
Row address hold time tRAH ~ 10 10 12 ns 
Column address lead time referenced = trar 30 35 45 ns 
to RAS (rising edge) 
RAS pulse width tras 60 10,000 70 10,000 80 10,000 ns 
RAS pulse width, fast-page cycle trasp 60 100,000 70 100,000 80 100,000 ns 
Random read or write cycle time tac 120 140 160 ns (Note 6) 
RAS to CAS delay time trop 20 40 20 60 25 60 ns (Note 11) 
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AC Characteristics (cont) 


-70 80 

Max Min Max Unit Test Conditions 
0 ns (Note 13) 
0 ns 

16 16 ms Addresses Ag - Ag 

70 ns 
10 ns 
10 ns (Note 13) 
20 ns 

50 3 50 ns (Note 3) 
15 ns 
ce) ns (Note 16) 
15 ns 
10 ns 
15 ns (Note 14) 





~60 

Parameter Symbol Min Max 
Read command hold time referenced — tac O° 
to CAS 

Read command setup time tacs 0 

Refresh period tREF 16 
RAS precharge time trp 50 

RAS precharge CAS hold time trpc 10 

Read command hold time referenced tRRH 10 
to RAS 
RAS hold time trsH 20 

Rise. and fall transition time tr 3 50 
Write command hold time twou 15 
Write command setup time twos 0 
WE hold time tWHR 15 
WE setup time twsR 10 
Write command pulse width twp 15 

Notes: 

(1) All voltages are referenced to GND. 


(2) 


6) 
(4 


(5) 


6 


— 


8 


~— 


9 
(10) 


— 


(11) 


o>) 


An initial pause of 100 ys is required after power-up, followed by 
any eight RAS cycles, before proper device operation is 
achieved. At the end of the initial power-up sequence, it is 
recommended that either a RAS-only refresh or a CAS before 
RAS refresh cycle be executed while WE = Vj, to ensure normal 
operation. 


Ac measurements assume ty = 5 ns. 


Vin, (min) and Vi, (max) are reference levels for measuring the 
timing of input signals. Transition times are measured between 
Vin and Vi. 


loc1 loos: loca, and logs depend on output loading and cycle 
rates. Specified values are obtained with the output open. logg 
is measured assuming that all column address inputs are held at 
either a high level or a low level during RAS-only refresh cycles. 
loc4 is measured assuming that all column address inputs are 
switched only once during each fast-page cycle. 


The minimum specifications are used only to indicate the cycle 
time at which proper operation over the full temperature range 
(Ta = Oto + 70°C) is assured. 


Load = 2 TTL (+1 mA, +4 mA) loads and 100 pF 


Assumes that tacop = tacp (max) and trap <= trap (max). If 
trop Or trap is greater than the maximum recommended value 
in this table, trac increases by the amount that trop or trap 
exceeds the value shown. 


If tpap 2 tpap (max), then the access time is defined by taa. 


torr (max) defines the time at which the output achieves the 
open-circuit condition and is not referenced to Voy or VoL. 


Operation within the tagp (max) limit assures that trac (max) 
can be met. tacp (max) is specified as a reference point only; if 
trop is greater than tacp (max), then access time is controlled 
exclusively by toac. 


(12) The tcpp requirement should be applicable for RAS/CAS cycles 


preceded by any cycle. 


(13) Either tany or tracy must be satisfied for a read cycle. 


(14) Parameter twp is applicable for a delayed write cycle such as a 


(15) 


(16) 


(17) 


read-write/read-modify-write cycle. For early write operation, 
both twcs and twcoH must be met. 


These parameters are referenced to the falling edge of CAS for 
early write cycles and to the falling edge of WE for delayed write 
or read-modify-write cycles. 


twos, trawp: towp, and tawp are restrictive operating parame- 
ters in read-write/read-modify-write cycles only. Iftwos 2 twos 
(min), the cycle is an early write cycle and the data output will 
remain open-circuit throughout the entire cycle. Iftcwp 2 tcwp 
(min), tawp 2 trwp (min), and tawp = tawp (min), the cycle is 
a read-write cycle and the data output will contain data read 
from the selected cell. If neither of the above conditions is met, 
the condition of the data output pin (at access time and until 
CAS returns to Vj) is indeterminate. 


A test mode may be initiated by executing a CAS before RAS 
refresh cycle with WE held at Vj_. This mode also may inadvert- 
ently be initiated during power-up because external control of 
the signal lines is very difficult during this period. itis therefore 
recommended that while WE is held at Vip, either a RAS-only or 
CAS before RAS refresh cycle should be executed at any time 
after the end of the initial power-up sequence to ensure normal 
device operation. 
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Timing Waveforms 


Read Cycle 
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Timing Waveforms (cont) 


Early Write Cycle 
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Timing Waveforms (cont) 


Fast-Page Read Cycle 
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Timing Waveforms (cont) 


Fast-Page Early Write Cycle 


~~ TREN CIR XT 


tweou 
twes twes 


TA == N= UT 
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Timing Waveforms (cont) 


Hidden Refresh Cycle 


CAS Before RAS Cycle CAS Before RAS Cycle 
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Timing Waveforms (cont) 


RAS-Only Refresh Cycle 


Note: 
[i] WE = Vjy. 





CAS Before RAS Refresh Cycle 
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Package Drawings 





72-Pin Socket-Mountable SIMM (MC-422000A36: Suffix B, F) 


ltem  _Mililimeters inches Item  Miilimeters Inches 

A 107.95 +0.2 4.250 + .008 M 25.4 1.000 

B 101.19 +02 3.984 + .008 9.3 _ 866 
F 0.75 min 029 min 1.57 rad 062 rad 
G 
H 
I 
J 
K 
L 


10.16 .400 3.17 dia _.125 dla 
; 1.27 .050 1.27 .050 

6.35 .250 3.38 133 

2.03 .080 44.45 

6.35 250 6.36 .250 

2.7 min ; 95.25. + 0.1 
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Package Drawings (cont) 


72-Pin Socket-Mountable SIMM (MC-422000A36: Suffix BJ, FJ) 


Item Milllmeters Inches item _Millimeters Inches 
A__ 107.95 +0.2 4.250 + .008 
B 101.19 +02 3.984 + .008 
F 1.04 
G 
H 
| 
J 
K 
L 


31.75 1.250 
9.3 366 
1.57 rad 062 rad 
3.17 dia 125 dia. 
1.27 050 
3.38 133 
44.45 

6.36 


10.16 
1.27 
6.35 
2.03 
6.35 
2.54 min 


XISi<l[Clajojulziz 
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Package Drawings (cont) 





72-Pin Socket-Mountable SIMM (MC-422000A36: Suffix BT, FT) 


Item _Millimeters Item  Millimeters 
107.95 «0.2 25.4 

101.19 + 0.2 9.3 

0.75 min 1.57 rad 
10.16 3.17 dla 
1.27 1.27 

6.35 3.38 

2.03 44.45 

6.35 6.36 

2.7_ min 


> 





B 
FE 
G 
H 
! 
J 
K 
L 


X/Sl< jc /alwluiz i= 
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NEC Electronics Inc. 


Description 


The MC-422000AA40 is a fast-page dynamic RAM mod- 
ule organized as 2,097,152 words by 40 bits and de- 
signed to operate from a single +5-volt power supply. 
Advanced CMOS circuitry ensures minimum power 
dissipation and excellent operating margins. 


The three-state output is controlled by CAS indepen- 
dent of RAS. After a valid read or read-modify-write 
cycle, data is held on the output by holding CAS low. 
Data outputis returned to high impedance by returning 
CAS high. Fast-page read and write cycles can be 
executed by cycling CAS. Refreshing is accomplished 
by means of RAS-only refresh cycles, CAS before RAS 
refresh cycles, hidden refresh cycles, or by the 1024 
address combinations of Ap through Ag during a 16-ms 
period. 


Single Inline Memory Module (SIMM™) packaging en- 
hances reliability and reduces the size, weight and cost 
of a system. Each SIMM contains twenty 1,048,576 x 
4-bit DRAMs (PD424400) in SOJ packages and 20 
power supply decoupling capacitors for noise reduc- 
tion. DQ through DQzg are common input/output pins. 


Features 


2,097,152-word by 40-bit organization 
Single +5-volt power supply 
Fast-page cycles 

Low power dissipation 

RAS-only refresh cycles 

CAS before RAS refresh cycles 
Hidden refresh cycles 

1024 refresh cycles every 16 ms 
TTL-compatible inputs and outputs 
72-pin SIMM packaging 


noo0ae00ug0cdcmvmnmcoOmome 


SIMM is a trademark of Wang Laboratories. 
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MC-422000AA40 
2,097,152 x 40-Bit 
Dynamic CMOS RAM Module 


Pin Configuration 


72-Pin SIMM 


| Pin | 
| 38 | 
| 39 | 
| 40 | 
41 | 
| 42 | 
| 43 | 
| 44 | 
[4s | 
| 46 
| 48 | 
| 49 | 
| 50 | 
51 | 
| 52 | 
| 53 | 
| 54 | 


2 
a 
ome 


>10O . 
i. | © 
IS 


[Pin | 
| 19 | 
| 20 | 
[21 | 
| 22 | 
| 23 | 
| 24 | 
| 25 | 
[26 | 
27 | 
| 28 | 
| 29 | 
| 80 | 
[31 | 
| 82 | 
| 94 | 
| 35 | 
| 36 | 





| Ag | 
| Ag | 
| NC | 
| NC | 
| DOs, | 
| DQsp | 


Jt 


Notes: 
[1] Pins 87-70 are defined by access time: 
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MC-422000AA40 Connection Diagram Pin Identification 
Name Function 
Ag - Ag Address inputs 
CASp - CAS; Column address strobes 
DQo - DQ39 Common data inputs/outputs 
OE Output enable 
RASp - RAS, Row address strobes 
WE Write enable 
GND Ground 
Voo +5-volt power supply 
NC No connection 


Absolute Maximum Ratings 


Voltage on any pin relative to GND -1.0 to +7.0V 
Operating temperature, Topr 0 to + 70°C 
Storage temperature, Tst¢ -55 to + 125°C 
Short-circuit output current, log 50 mA 
Power dissipation, Pp 20 W 


Exposure to Absolute Maximum Ratings for extended periods may 
affect device reliability; exceeding the ratings could cause perma- 
nent damage. The device should be operated within the limits 
specified under DC and AC Characteristics. 


Recommended Operating Conditions 





Parameter Symbol Min Typ Max Unit 
Input voltage, high Vin 2.4 Veo+ 10 V 
Input voltage, low Vit -1.0 0.8 V 
Supply voltage Voc 4.75 5.0 5.25 V 
Ambient temperature Ta 0 70 °C 
Capacitance 
Ta = 25°C; f = 1 MHz 
Parameter Symbol Max Unit Pins Under Test 
Input Ci 110 pF Ao - Ag 
capacitance Cp 130 pF WE, OE 

Cig 60 pF RAS 

Cig 60 pF CAS 
Input/output Cio/Coo 20 pF DQo - DQ39 


capacitance 
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Ordering Information 


Part Number Access Time (max) Height (typ) Thickness (typ) Package DRAMs 
MC422000AA40B-70 70 ns 25.4 mm 9.3 mm 72-pin socket-mountable Twenty uPD424400LA 
Aso. .- Se (1.000 inch) (0.366 inch) SIMM (solder plating) 
MC 422000AA 40F-70 70 ns 25.4 mm 9.3 mm 72-pin socket-mountable 
reg. Sons.” (1.000 inch) (0.366 inch) SIMM (gold plating) 





DC Characteristics 
Ta = Oto + 70°C; Vog = +5.0 V +5% 


Parameter Symbol Min Max Unit Test Conditions 


Standby current loce 40 mA RAS = CAS = Vix (min) 
20 mA RAS = CAS = Voc -0.2V 10h 
Input leakage current ura) ~-200 200 LA Vin = OV to Voc; 
all other pins not under test = 0V 





Output leakage current low -20 20 LA DQo to DQ39 disabled; Voyt = OV to Voc 
Output voitage, low VoL 0.4 V lo, = 4.2 mA 
Output voltage, high VoH 2.4 V loy = -5 mA 


AC Characteristics 
Ta = 0 to + 70°C; Voc = +5.0 V 10% 








-70 -80 

Parameter Symbol Min Max Min Max Unit Test Conditions 
Operating current, average loci 1060 960 mA RAS and CAS cycling; 

tac = tre min; 

lo = OmA (Note 5) 
Operating current, RAS-only locs 1060 960 mA RAS cycling; CAS = Vip; 
refresh cycle, average tac = trac min; 

lo = O mA (Note 5) 
Operating current, fast-page loca 860 760 mA RAS < Vj; CAS cycling; 
cycle, average tpc = tpo min; 

lo = OmA (Note 5) 
Operating current, CAS before locs 1060 960 mA RAS cycling; CAS before 
RAS refresh cycle, average RAS; tao = tao min; 

lo = 0 mA (Note 5) 
Access time from column address taa 35 40 ns (Notes 3, 4, 7, 8) 
Access time from CAS precharge tacp 40 45 ns (Notes 3, 4, 7, 8) 
(rising edge) 
Column address setup time tasc 0 0 ns 
Row address setup time tasR 0 0 ns 
Column address to WE delay tawp 55 65 ns (Note 14) 
time 
Access time from CAS toac 20 20 ns (Notes 3, 4, 7, 8) 
(falling edge) 
Column address hold time tCAH 15 15 ns 
CAS pulse width toas 20 10,000 20 10,000 ns 
CAS hold time for CAS before tour 15 15 ns 
RAS refresh cycle 
CAS to output in low impedance toLz (¢) (6) ns (Notes 4, 7) 





oO 
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AC Characteristics (cont) 





-70 -80 




















Parameter Symbol — Min Max Min Max | Uni Test Conditions 
CAS precharge time, fast-page _ ‘top 7 10 10 ns‘ 
cycle 
CAS precharge time, nonpage topn 10 10 ns 
cycle ew ; 
CAS to RAS precharge time torp 10 10 ns (Note 10) 
CAS hold time tosH 70 80 ns . 
CAS setup time for CAS before tesp  isd100— 10 ns 
RAS refresh cycle ; 

CAS to WE delay towo 40 45 ns (Note 14) 
Write command.to CAS lead time “toWL 15 15 ns 
Data-inholdtime =. | ton 15 15 ns (Note 13) 
Data-in setup time Fag es tps 0 0 ns. (Note 13) 
Access time from OE toEA : 20 20 ns (Notes 3, 4, 7, 8) 
OE delay data time toeED 15 20 ns 
GE command hold time toEH 0 0 ns 
OE to inactive setup time toes 0 0 ns 
Output turnoff delay from OE toEz 0 15 ) 20 ns (Note 9) 
Output buffer turnoff delay torr 0 15 0 20 ns (Note 9) 
OE to output in low-Z toLz 0 ) ns (Notes 6, 7) 
Fast-page cycle time tec 45 50 ns (Note 6) 
Fast-page read-modify-write tpawc 90 100 ns (Note 6) 
cycle time , 
Access time from RAS trac 70 80 ns (Notes 3, 4,7, 8) | 
RAS to column address delay tRaD 15 35 17 40 ns (Note 8) 
time ae : . 
Row address hold time . tRaH 10 12 ns 
Column address lead time tRAL 35 40 ns 
referenced to RAS (rising edge) 
RAGS pulse width tras 70 10,000 80 10,000 ns 
RAS pulse width, fast-page cycle trasp 70 125,000 80 125,000 ns 
Random read or write cycle time tro 140 160 ns (Note 6) 
RAS to CAS delay time trop 20 50 25 60 ns (Note 8) 
Read command hold time tRoH ie) 0 ns (Note. 11) 
referenced to CAS —. 
Read command setup time , trcs QO -- 0- , ns rs ; 
Refresh period tReF . 16 16 ms Addresses Ag - Ag 
RAS hold time from CAS tRucp 40 45 ns 
precharge 
RAS precharge time trp 60 70 ns 
RAS precharge CAS hold time treo 10 10 ons 
Read command hold time tRRAH 10 10 ns ~ (Note 11) 
referenced to RAS ‘ 
RAS hold time tRsH 20 20 ns 





hh 
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AC Characteristics (cont) 


-70 
Parameter Symbol Min Max 
Read-write cycle time trawec 185 
RAS to WE delay tawp 90 
Write command to RAS lead time tRWL 20 
Rise and fall transition time tr 3 50 
Write command hold time tweoH “15 
Write command setup time twes 0 
WE hold time twHR 15 
Write command pulse width twp 15 
WE setup time __ twsr 10 


Notes: 


(1) 
(2) 


(3) 
(4) 


6) 


6) 


(?) 
(8) 


(9) 


(10) 


All voltages are referenced to GND. 


An initial pause of 100 ys is required after power-up, followed by 
any eight RAS cycles, before proper device operation is 
achieved, At the end of the ir initial power-up sequence, it is 
recommended that either a RAS RAS-only or CAS before RAS refresh 


cycle bé executed while WE = Vj to ensure normal operation. 


Ac measurements assume tp = 5ns. 


Vin: (min) and Vy, (max) are reference levels for measuring the 
timing of input signals. Transition times are measured peuvegn 
Vin. and Vj. 


lect loa: loca: and logs depend on output loading and cycle 
rates. Specified values are obtained with the output open. Ioc3 
is measured assuming that all column address inputs are held at 
either a high level or a low level during RAS-only refresh cycles. 


loc4 is measured assuming that all column address inputs are © 


switched only once during each fast-page cycle. 


The minimum specifications are used only to indicate the cycle 
time at which proper operation over the full temperature range 
(Ta=0 to + 70 °C) is assured. 


Load = 2TTL(-1 mA, +4 mA) loads and 100 pF. 


If tacp = trop (max) and taap = trap (max), access time is 
defined by trac (max). If tacp 2 trop (max), access time is 
defined by tcoac (max), and iftpap = trap (max), access time is 
defined by ta, (max). 


torr (max) and tog¢z (max) define the time at which the outputs 
become open-circuit and are not referenced to Voy or Vo,. 


The tcopp requirement should be applicable for RAS/CAS cycles 
preceded by any cycle. 


-80 
Min Max Unit Test Conditions 
210 ns (Note 6) 

105 ns (Note 14) 

20 ns 

3 50 ns (Note 4) 

15 ns (Note 12) 

0 ns (Note 14) 

15 ns 

15 . ns (Note 12) 

10 ns 


(11) 
(12) 


(13) 


(14) 


(15) 


Either tary or tacy must be satisfied for a read cycle. 


Parameter twp is applicable for a delayed write cycle such asa 
read-write/read-modify-write cycle. For early write cycles, both 
‘twos and tywoy must be met. 


These parameters are referenced to the falling edge of CAS for 


early write cycles and to the falling edge of WE for delayed write | 


or read-modify-write cycles. 


twos, tawp: tcwo, and tawp are restrictive operating parame- 
ters in read-write/read-modify-write cycles only. Iftwos = twes 


- (min); the cycle is an early write cycle and the data I/O pins will 


remain open-circuit throughout the entire cycle. 


If tewo = town (min), tawp 2 two (min), and tawp = tawo 
(min), then the cycle is a read-write cycle and the data I/O pins 


will contain data read from the selected cells. If neither of the 
above conditions is met, the condition of the data I/O pins (at 
access time and until CAS returns to Vin) is indeterminate. 


A test mode may be initiated by executing a CAS before RAS 
refresh cycle with WE held at Vj. This mode also may inadvert- 
ently be initiated during power-up because external control of 


the signal lines is very difficult during this period. It is therefore | 


recommended that while WE is held at Vip either a RAS-only or 
CAS before RAS refresh cycle should be executed at any time 
after the end of the initial power-up sequence to ensure normal 
device operation. 
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Timing Waveforms 


Read Cycle . 


Input/Output 
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Timing Waveforms (cont) 


Early Write Cycle 









Note: 
{i] OE = don't care. 
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Timing Waveforms (cont) 


Late Write Cycle 
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Timing Waveforms (cont) 


Read-Write/Read-Modify-Write Cycle 
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Timing Waveforms (cont) 


Fast-Page Read Cycle 


Input/Output 


10 


MN 


| | 
| toa toEz tOEA toez 
tOFF tCAc torF tCa torr 


tRAC 
High 


H | | | | OeUd 
igh Impedance ® F vaiiibamace’ {N Valid Data-out 1 Valli Data-out fmpedance 
LZ 


to toLz toLz 
teLz teLz tCLz 
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Timing Waveforms (cont) 


Fast-Page Early Write Cycle 


t 


IN 


tRAD tasc 


ASR tRAH 
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{1] OE = dont care. 
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Timing Waveforms (cont) 


Fast-Page Late Write Cycle 


| 
wate Ta oa a i am 


wor are be =n |. = 
«ZU . - VTIT 


toeH 


| WON 





NEC 


Timing Waveforms (cont) 


Fast-Page Read-Write/Read-Modify-Write Cycle 


a \\ 


tRAD 
tasR | tCAH tRAL 


tRAH tasc 
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| is tcwL | acs 
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Input/Output 
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Timing Waveforms (cont) 


Hidden Refresh Cycle 


Memory Cycle CAS Before RAS Cycle 
tac tre 
tRAS tRAS 


tcrP 
tRaH 


tasr tRAD | roo 


tasc 


roa - 
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| toga 
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CAS Before RAS Cycle 
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Timing Waveforms (cont) 


RAS-Only Refresh Cycle 


tap 


tReC 





LOOAY | 


Input/Output 


Notes: 
[1] WE = OE = don‘ care. 





CAS Before RAS Refresh Cycle 
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Package Drawing 


72-Pin Socket-Mountable SIMM 


Item  Millimeters 
107.95 + 0.2 
101.19 +0.2 
0.75 min 
10.16 

1.27 

6.35 

2.03 

6.35 


lA IC ]— JT I@OinjoayS 


16 


ltem _— Millimeters 


<l|Sl<iclalolvizl= 


25.4 

9.3 

1.57 rad 
3.18 dia 
1.27 

3.38 
44.45 
6.36 

95.25 + 0.1 


Inches 
1.000 
366 
062 rad 
125 dia 
.050 
133 


250 














DRAM Modules 
4M/8M x n 








Video RAMs 


Synchronous 





DRAM Modules (4M/8M x n) 


Section 11 

DRAM Modules (4M/8M x n) 

MC Organization Features 
-424000A8 4M x 8 Fast-page ila 
~424000A9 4M x 9 Fast-page 1ib 
-424000A32 4M x 32 Fast-page dic 
-424000A36 4M x 36 Fast-page tid 
-428000A32 8M x 32 Fast-page lie 
-428000A36 8M x 36 Fast-page 1if 


Upcoming Products 


NEC 


Comments 


Description Device Number 


Uses 16M devices 
Uses 16M devices 
Uses 16M devices 
Uses 16M devices 


4M x 8 DRAM Module MC-424000A8B B/FB 

4M x 9 DRAM Module MC-424000A9B B/FB 
46M x 8 DRAM Module MC-4216000A8BH/FA/AA 
16M x 9 DRAM Module MC-4216000A9BH/FA/AA 
4M x 40 DRAM Module MC-424000AA40BH/FH 


8M x 40 DRAM Module MC-428000AA40BH/FH 


Uses 16M devices 
Uses 16M devices 


NEC MC-424000A8 
4,194,304 x 8-Bit 


NEC Electronics Inc. Dynamic CMOS RAM Module 


Description Pin Configuration 


The MC-424000A8 is a fast-page 4,194,304-word by Pi, 7 

8-bit dynamic RAM module designed to operate from a oo fen Cocker Monnet cy 
single +5-volt power supply. Advanced CMOS cir- 
cuitry, including a single-transistor storage cell, multi- 
plexed address buffers and flexible refresh controls, 
provides good system operating margins. 


Each module is functionally equivalent to eight stan- 
dard 4M x 1 DRAMs. Refreshing is accomplished by 
RAS-only refresh cycles, hidden refresh cycles, CAS 
before RAS refresh cycles, or by normal read or write 
cycles on the 1024 address combinations of Ag - Ag 


during a 16-ms period. 


Single Inline Memory Module (SIMM™) packaging en- 
hances reliability and reduces the size, weight and cost 
of a system. The SIMM includes eight PD424100 
DRAMs in SOJ packages and eight power supply de- 
coupling capacitors. 


Features 


Q 4,194,304-word by 8-bit organization 

QO Single +5-volt power supply 

OQ Standard 30-pin Single Inline Memory Module 
(SIMM) packaging 

Eight uPD424100 4M x 1 DRAMs in high-density 
SOJ packaging 

Eight power supply decoupling capacitors 
Low power dissipation: 44 mW standby (max) 
TTL-compatible inputs and outputs 

1024 refresh cycles every 16 ms 

Fast-page capability 


oO 


ooaqgdaa 


Pin Identification 





Name Function 

Ao - Ato Address inputs 

CAS Column address strobe 

04 - VOg Common data inputs and outputs 
RAS Row address strobe 

WE Write enable 

GND Ground 

Voc +5-volt power supply 

NC No connection 


SIMM is a trademark of Wang Laboratories. 


60092-1 
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Ordering Information 





Part Number Access Time (max) Package Height Thickness DRAMs 
MC-424000A8BA-60 60 ns 30-pin socket-mountable 20.3 mm 5.08 mm Eight uPD424100LA 
BA7O.. Ons. SIMM (solder plating) (0.799 inch) (0.200 inch) 
BA-80 “es 80 ns : 
MC-424000A8FA-60 60 ns 30-pin socket-mountable 
FA70.7Ons SIMM (gold plating) 


FA-80 80 ns 


Connection Diagram 
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Absolute Maximum Ratings 
Voltage on any pin relative to GND» -1.0 to +7.0V 


Operating temperature, Topp 0 to +70°C 
Storage temperature, Tete ~55 to + 125°C 
Short-circuit output current, log 50 mA 


Power dissipation, Pp 8.0 W 


Exposure to Absolute Maximum Ratings for extended periods may 
affect device reliability; exceeding the ratings could cause perma- 
nent damage. The device should be operated within the limits 
specified under DC and AC Characteristics. 


DC Characteristics 
Ta = 0 to +70°C; Vog = +5.0 V +10% 


Parameter Symbol Min Max . 
Standby current loc 16, 
8 
Input leakage current um) -80 80 
Output leakage current low) -10 10 
Output voltage, low VoL 0.4 


Output voltage, high Vou 24 


AC Characteristics 
Ta = Oto + 70°C; Veg = +5.0 V 410% 


-60 
Parameter Symbol Min Max Min 
Operating current, loot 960 
average 
Operating current, loos 960 
RAS- only refresh cycle, 
average 
Operating current, fast- loca 720 
page cycle, average 
Operating current, CAS locs 960 
before RAS refresh cycle, 
average — 
Access time from column tan 30 
address 
Access time from CAS tacp 35 
precharge (rising edge) 
Column address setup tasc 0 0 
time 


Row address setup time tasr ie) 0 


Recommended Operating Conditions: 
Parameter Symbol Min Typ Max Unit 


Input voltage, high © Ving — 24 Voc + 1.0 V 
Input voltage, low VIL -1.0 0.8 V 
Supply voltage Voc 45 5.0 5.5 V 
Ambient temperature Ta 0 +70 °C 
Capacitance 

Ta = 25°C; f = 1 MHz 

Parameter Symbol Max Unit Pins Under Test 

Input capacitance Cj 60 pF Address, RAS, CAS, WE 
input/output Cio 15 pF I/O, through I/Og 


capacitance 





Unit Test Conditions 
mA RAS = CAS = Vij (min) 
mA RAS = CAS = Voc - 0.2 V 
HA For addresses, RAS, CAS and WE: Vin = 0 V to 
Voc; all other pins not under test = 0V 
vA Dout disabled; Voyt = 0 V to Voc 
V lo. = 4.2 mA 
V lon = —5 mA © 
-70 -80 


Max Min Max Unit Test Conditions 


800 720 mA RAS and CAS cycling; 
tro = tro min; 
lo = 0 mA (Note 5) 

800 720 mA RAS cycling; CAS = Viq; 


tao = tac min; 
lo = O mA (Note 5) 


640 560 mA RAS < Vi; CAS cycling; 
tpo = tpco min; 
lo = O mA (Note 5) 

800 720 mA RAS cycling; CAS before 


RAS; tac = tac min; 
lo = O mA (Note 5) 


35 40 ns (Notes 7, 9) 
40 45 = (Notes 7, 9) 
0 ns 
0 ns 
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AC Characteristics (cont) 


-60 -70 -80 
Parameter Symbol Min Max Min Max Min Max Unit Test Conditions 
Access time from CAS toac 20 20 20 ns (Notes 7, 9) 
(falling edge) 
Column address hold tcaH 15 15 15 ns 
time 
CAS pulse width tcas 20 10,000 20 10,000 20 10,000 ns 
CAS hold time for CAS tour 15 15 15 ns 
before RAS refresh cycle 
CAS to output in low toLz 0 0 0 ns (Note 7) 
impedance 
CAS precharge time, fast- top 10 10 10 ns 
page cycle 
CAS precharge time, topn 10 10 10 ns 
nonpage cycle 
CAS to RAS precharge tornp 10 10 10 ns (Note 12) 
time 
CAS hold time tosH 60 70 80 ns 
CAS setup time for CAS tosr 10 10 10 ns 
before RAS refresh cycle 
Data-in hold time tou 15 15 15 ns (Note 15) 
Data-in setup time tps 0 0 0 ns (Note 15) 
Output buffer turnoff toFF 0 15 ie) 15 0 20 ns (Note 10) 
delay 
Fast-page cycle time tec 40 45 50 ns (Note 6) 
Access time from RAS trac 60 70 80 ns (Notes 7, 8) 
RAS to column address trap 15 30 15 35 17 40 ns (Note 9) 
delay time 
Row address hold time tRAH 10 10 12 ns 
Column address lead tRAL 30 35 40 ns 
time referenced to RAS 
(rising edge) 
RAS pulse width tras 60 10,000 70 10,000 80 10,000 ns 
RAS pulse width, fast- trasp 60 125,000 70 = =125,000 80 125,000 ns 
page cycle 
Random read or write tac 120 140 160 ns (Note 6) 
cycle time 
RAS to CAS delay time trop 20 40 20 50 25 60 ns (Note 11) 
Read command hold time tRon 0 0 0 ns (Note 13) 
referenced to CAS 
Read command setup tres 0 .¢) 0 ns 
time 
Refresh period tREF 16 16 16 ms Addresses Ag - Ag 
RAS precharge time trp 50 60 70 ns 
RAS precharge CAS hold trpc 10 10 10 ns 
time 
‘Read command hold time trary 10 10 10 ns (Note 13) 


referenced to RAS 
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AC Characteristics (cont) 


MC-424000A8 


-60 -70 -80 
Parameter Symbol Min Max Min Max Min Max Unit Test Conditions 
RAS hold time trsH 20 20 20 ns 
Rise and fall transition tr 3 50 3 50 3 50 ns (Note 3) 
time 
Write command hold tweou 15 15 15 ns 
time 
Write command setup twos 0 0 0 ns (Note 16) 
time 
WE hold time tWHR 15 15 15 ns 
Write command pulse twp 15 15 15 ns (Note 14) 
width 
WE setup time twsR 10 10 10 ns 


Notes: 
(1) All voltages are referenced to GND. 





tla 
(11) Operation within the tacp (max) limit assures that trac (max) 1a 


can be met. tacp (max) is specified as a reference point only; if 
trop is greater than tacp (max), then access time is controlled 
exclusively by tcac. 


(2) An initial pause of 100 ys is required after power-up, followed by 
any eight RAS cycles, before proper device operation is 
achieved. At the end of the initial power-up sequence, it is 
recommended that either a RAS-only refresh or a CAS before 
RAS refresh cycle be executed while WE = Vj; to ensure normal 
operation. 


(12) The topp requirement should be applicable for RAS/CAS cycles 
preceded by any cycle. 


(13) Either tany or tacy must be satisfied for a read cycle. 


(8) Ac measurements assume tr = 5ns. (14) Parameter twp is applicable for a delayed write cycle such as a 
(4) Ving (min) and Vi_ (max) are reference levels for measuring the read-write/read-modify-write cycle. For early write operation, 
timing of input signals. Transition times are measured between both twos and twcopH must be met. 
Vi and Vii, (15) These parameters are ieferenced to the falling edge of CAS for 
(5) loc loos, loca, and locos depend on output loading and cycle early write cycles and to the falling edge of WE for delayed write 
rates. Specified values are obtained with the output open. logg or read-modify-write cycles. 
is measured assuming that all column address inputs are held at ae ; 

. 2 ee (16) twos, trwp: tcwo, and tawp are restrictive operating parame- 
either a high level or a low level during RAS-only refresh cycles. ters in read-write/read-modify-write cycles only. Iftwos = twos 
loca is measured assuming that all column address inputs are (min), the cycle is an early write cycle and the data output will 
switched only once during each fast-page cycle. remain open-circuit throughout the entire cycle. Iftowp = tcwo 

(6) The minimum specifications are used only to indicate the cycle (min), tawp 2 tawp (min), and tawp = tawp (min), the cycle is 
time at which proper operation over the full temperature range a read-write cycle and the data output will contain data read 
(Ta = 0 to + 70°C) is assured. from the selected cell. If neither of the above conditions is met, 
= 7 the condition of the data output pin (at access time and until 

. ae eon mA, ha oe leeds ae 1G " CAS returns to Vj13) is indeterminate. 
ssumes tha < max) an < max). — —— 
trop of trap is greater then the at poeeeiane aus (17) A test mode may be Initiated by executing aCAS ppiole Res 
in this table, tpac increases by the amount that tacp or trap refresh cycle with WE held at Vi. This mode also may inadvert- 
exceeds the value shown, ently be initiated during power-up because external control of 
the signal lines is very difficult during this period. It_is therefore 
(9) IftRap 2 trap (max), then the access time is defined by taa. recommended that while WE is held at Vij, either a RAS-only or 


(10) 


torr (max) defines the time at which the output achieves the 
open-circuit condition and is not referenced to Voy or VoL. 


CAS before RAS refresh cycle should be executed at any time 
after the end of the initial power-up sequence to ensure normal 
device operation. 
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Timing Waveforms 


Read Cycle 
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Timing Waveforms (cont) 


Early Write Cycle 
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Timing Waveforms (cont) 


Fast-Page Read Cycle 
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Timing Waveforms (cont) 


Fast-Page Early Write Cycle 
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Timing Waveforms (cont) 


Hidden Refresh Cycle 


Memory Cycle CAS Before RAS Cycle 
tRc tro 


High Impedance 
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Timing Waveforms (cont) 


RAS-Only Refresh Cycle 





High Impedance 







(1] WE = Viy. 





CAS Before RAS Refresh Cycle 





Note: 
[1] Address = don't care. 
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Package Drawings 


30-Pin Socket-Mountable SIMM (MC-424000A8: Suffix BA or FA) 


Item _Miilimeters 
88.9 + 0.13 
82.14 +0.13 
1.78 

10.16 + 0.13 
2.54 
6.35 + 0.13 
2.03 + 0.13 
7.62 + 0.13 
0.25 max 
20.3 

5.08 

1.57 rad 


A 
B 
F 
G 
H 
I 
J 
K 
L 
M 
N 
P 
s 


3.18 
+ 0.13 dia 


+0.10 
1.27 -008 


MC-424000A8BA/FA 
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NEC 


NEC Electronics Inc. 


Description 


The MC-424000A9 and the MC-424100A9 are fast-page 
4,194,304-word by 9-bit dynamic RAM modules de- 
signed to operate from a single +5-volt power supply. 
Advanced CMOS circuitry, including a single-transistor 
storage cell, multiplexed address buffers, and flexible 
refresh controls, provides good system operating mar- 
gins. 


The modules are functionally equivalent to eight 
uUPD424100 standard 4M DRAMs plus a parity bit. Re- 
freshing is accomplished by RAS-only refresh cycles, 
hidden refresh cycles, CAS before RAS refresh cycles, 
or by normal read or write cycles on the 1024 address 
combinations of Ag - Ag during a 16-ms period. 


Single Inline Memory Module (SIMM™) packaging en- 
hances reliability and reduces the size, weight, and 
cost of a system. The SIMM includes nine uPD424100 
DRAMs in SOJ packages and nine power supply decou- 
pling capacitors. 


SIMM is a trademark of Wang Laboratories. 


Features 


QO 4194,304-word by 9-bit organization 

Single +5-volt power supply 

Standard 30-pin SIMM packaging 

Nine 4M dynamic RAMs incorporated in high- 
density SOJ packaging (uPD424100) 

Nine power supply decoupling capacitors 

Low power dissipation of 49.5 mW standby (max) 
TTL-compatible inputs and outputs 

1024 refresh cycles every 16 ms 

Fast-page capability 


ooo 


ooona0 


60093-1 


MC-424000A9, -424100A9 
4,194,304 x 9-Bit 
Dynamic CMOS RAM Module 


Pin Configurations 


30-Pin Leaded SIMM 


8 
7 
8 
5 
4 
3 
2 
1 
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Pin Configurations (cont) 


30-Pin Socket-Mountable SIMM 
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Pin Identification 


Symbol 
Ag - Aio 
CAS 
CASg 
Dino 
Douts 
VO, - Og 
RAS 
WE 
GND 
Veo 
NC 


Function 

Address inputs 

Column address strobe 
Column address strobe for data output 9 
Data input 9 

Data output 9 

Common data inputs/outputs 
Row address strobe 

Write enable 

Ground 

+5-volt power supply 


No connection 


NEC 


Connection Diagram 


MC-424000AQ9, -424100A9 


| ae = 
ees 
P| We 
Din DouT 


Le GND 


i [= GND 


me ress 


Vcc GND 
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Ordering Information 


Part Number Access Time (max) Package 
MC-424000A9AA-60 60 ns 30-pin leaded 
AA-70 70 ns evn 
AA-80 80 ns 
AA-10 100 ns 
MC-424000A9BA60 60 ns 30-pin socket- 
BA-80 80 ns plating) 
BA-10 100 ns 
MC-424100A9A-60 60 ns 30-pin leaded 
A-70 70 ns aatin eas 
A-80 80 ns 
A-10 100 ns 
MC-424100A9B-60 60 ns 30-pin socket- 
be fone antacids 
B-80 80 ns plating) 
B-10 100 ns 
Absolute Maximum Ratings 
Voltage on any pin relative to GND -1.0to+7.0V 
Operating temperature, Topp 0 to + 70°C 
Storage temperature, TgTg —55 to + 125°C 
Short-circuit output current, log 50 mA 
Power dissipation, Pp 9.0 W 


Exposure to Absolute Maximum Ratings for extended periods may 
affect device reliability; exceeding the ratings could cause perma- 
nent damage. The device should be operated within the limits 
specified under DC and AC Characteristics. 


NEC 


Height Thickness DRAMs 
20.3 mm . 5.08 mm (.200 inch) Nine uPD424100LA 
(.799 inch) 
24.03 mm 5.28 mm (.208 inch) Nine ¢PD424100LB 
(.946 inch) 


Recommended Operating Conditions 


Parameter Symbol Min Typ Max Unit 
Input voltage, high Vin 2.4 Voc + 1.0 V 
Input voltage, low ViL -1.0 0.8 V 
Supply voltage Voc 45 5.0 5.5 V 
Ambient temperature Ta 0 70 °C 


Capacitance 
Ta = 25°C; f = 1 MHz 


Parameter Symbol Max Unit Pins Under Test 
Input capacitance Cy 70 pF Address, Diy 

Crp 7 pf CASo, Ding 
Input/output capacitance Cp 10 PF Doutg 

Clo 15 pF = I/O, through 1/Og 
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DC Characteristics 
Ta = Oto + 70°C; Vog = +5.0V 10% 





Parameter 


Standby current 


Input leakage current 


Output leakage current 
Output voltage, low 


Output voltage, high 


AC Characteristics 


Ta = 0 to +70°C; Vog = +5.0V 10% 


Parameter 


Operating current, 
average 


Operating current, 
RAS- only refresh cycle, 
average 


Operating current, fast- 
page cycle, average 


Operating current, CAS 
before RAS refresh cycle, 
average 


Access time from column 
address 


Access time from CAS 
precharge (rising edge) 


Column address setup 
time 


Row address setup time 


Column address to WE 
delay time 


Access time from CAS 
(falling edge) 


Column address hold 
time 
CAS pulse width 


CAS hold time for CAS 
before RAS refresh cycle 


CAS to output in low 
impedance 


CAS precharge time, fast- 
page cycle 


Symbol 


loce2 


Iu 


lo) 
VoL 
Vou 


Symbol 


Ioe1 


lees 


loca 


loos 


taa 
tacp 
tasc 


tasR 
tawD 


toac 
tcaH 


tcas 
tcHR 


toLz 


Min 


2.4 


-60 


Max 
1080 


1080 


810 


990 


900 


720 


900 


10,000 


20 


Unit 
mA 
mA 
uA 


HA 


-80 


Max 
810 


810 


630 


810 


45 


20 


10,000 


Min Max Unit Test Conditions 
720 mA RAS and CAS cycling; 


Test Conditions 
RAS = CAS = Viq (min) 
RAS = CAS = Vocg - 0.2 V 


For addresses, RAS, CAS and WE: Viy = 0 V to 
Voc; all other pins not under test = 0 V 


For CASg and Ding: Vin = 0 to 5.5 V; 
all other pins = OV 


Dout disabled; Vout = OV to Voc 
lo = 42mA 
lon = -5 mA 





tac = tro min; 
lo = O mA (Note 5) 

720 mA RAS cycling; CAS = Vix; 
tac = trac min; 
lo = O mA (Note 5) 

540 mA RAS s Vi; CAS cycling; 
tpco = tpc min; 
lo = 0 mA (Note 5) 

720 mA RAS cycling; CAS before 
RAS; tac = tao min; 
lo = O mA (Note 5) 


50 ns (Notes 7, 9) 
55 ns (Notes 7, 9) 
0 ns 
0 ns 
50 ns (Notes 16, 18) 
25 ns (Notes 7, 9) 
20 ns 


25 10,000 ns 


20 ns 
0 ns (Note 7) 
10 ns 
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AC Characteristics (cont) 


-60 
Parameter . Symbol Min Max 
CAS precharge time, topn 10 
nonpage cycle 
CAS to RAS precharge tcrp 10 
time 
CAS hold time -. tosH -60 
CAS setup time for CAS tosr 10 
before RAS refresh cycle 
CAS to WE delay tcowp: 20 
Write command to CAS tow. 15 
lead time 
Data-in hold time tou 15 
Data-in setup time tps 
Output buffer turnoff torr 0 15 
delay 
Fast-page cycle time tpo 40 
Fast-page read-modify- tpawc 80 
write cycle time 
Access time from RAS trac 60 
RAS to column address trap 15 30 
delay time 
Row address hold time tRAH 10 
Column address lead tRaL 30 
time referenced to RAS 
(rising edge) © 
RAS pulse.width tras 60 = 10,000 


RAS pulse width, fast- trasp 60 125,000 


page cycle 

Random read or write trac 120 

cycle time 

RAS to CAS delay time trop 20 40 


Read command hold time taoy 0 
referenced to CAS 


Read command setup tacos e) 
time 

Refresh period treF 16 
RAS precharge time trp 50 
RAS precharge CAS hold ~~ tapc 10 
time 

Read command holdtime trary 10 
referenced to RAS 

RAS hold time trsyH 20 
Read-write cycle time tawe 145 
RAS to WE delay trwp 60 
Write command to RAS tawt 20 
lead time 


Min 
10 


10 


70 
10 


25 
20 


20 


45 
95 


15 
10 
35 
70 
70 


140 


20 


60 
10 


10 


25 
165 
70 
25 


Max 


15 


70 
35 


10,000 
125,000 


50 


16 


Min 
10 


40 


80 
10 


20 
15 


15 


8/3 


17 


12 
40 


80 


160 


25 


70 
10 


10 


20 
185 


20 


Max 


20 


80 
40 


10,000 
125,000 


60 


16 


Min 
10 


10 


100 
10 


25 


20 


20 


60 
95 


17 


12 


50 


100 


100 


190 


25 


80 
10 


10 


25 
220 
100 

25 


Max . 


25 


100 
50 


10,000 
125,000 


7 


16 


Unit 


ns 


ns 


ns 


ns 


ns 


ns 


ns 
ns 


ns 


ns 


ns 


ns 


ns 


ns: 


ns 


ns 


ns 


ns 


ns 


ns 


ns 


ms 
ns 


ns 


ns 


ns 
ns 
ns 


ns 


Test Conditions _ 


(Note 12) 


(Notes 16, 18) 
(Note 18) 


(Note 15) _ 
(Note 15) . 
(Note 10) 


(Note 6) 
(Notes 6, 18) 


(Notes 7, 8) 
(Note 9) 


(Note 6): 


(Note 11) 
(Note 13) 


Addresses Ag through Ag 


(Note 13) 


(Notes 6, 18) 
(Notes 16, 18) 
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AC Characteristics (cont) 
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-60 -70 -80 -10 
Parameter. ' Symbol Min Max Min Max Min Max Min Max Unit Test Conditions 
Rise and fall transition tr 3 50 3 50 3 50 3 50 ns (Note 3) 
time 
Write command hold twoH 15 20 15 20 ns 
time 
Write command setup twos 0 i?) 0 0 ns (Note 16) 
time 
WE hold time tWwHR 15 20 15 20 ns 
Write command pulse twp 15 20 15 20 ns (Note 14) 
width 
WE setup time twsR 10 10 10 10 ns 
Notes: . 
(1) All voltages are referenced to GND. (12) The topp requirement should be applicable for RAS/CAS cycles 


(2) 


(3) 
(4) 


(5) 


(6) 


(7) 


(8) 


An initial pause of 100 ys is required after power-up, followed by 
any eight RAS cycles, before proper device operation is 
achieved. At the end of the initial power-up sequence, it is 
recommended that either a RAS-only refresh or a CAS before 
RAS refresh cycle be executed while WE = Vj}; to ensure normal 
operation. 


AC measurements assume ty = 5 ns. 


Vin (min) and Vi, (max) are reference levels for measuring the 
timing of input signals. Transition times are measured between 
Vin and Vii. 


loc1, loca, loca, and logs depend on output loading and cycle 
rates. Specified values are obtained with the output open. Ioc3 
is measured assuming that all column address inputs are held at 
either a high level or a low. level during RAS-only refresh cycles. 
loca is measured assuming that all column address inputs are 
switched only once during each fast-page cycle. 


The minimum specifications are used only to indicate the cycle 
time at which proper operation over the full temperature range 
(Ta = Oto + 70°C) is assured. 


Load = 2 TTL (-1 mA, +4 mA) loads and 100 pF (Voy = 2.0V, 
VoL = 0.8 V). 


Assumes that tacp =< tgaop (max) and trap <= trap (max). If 
trop or trap is greater than the maximum recommended value 
in this table, trac increases by the amount that tacp or taap 
exceeds the value shown. 


If taap 2 trap (max), then the access time is defined by tan. 


torr (max) defines the time at which the output achieves the 
open-circuit condition and is not referenced to Voy or VoL. 


Operation within the tacp (max) limit assures that taac (max) 
can be met. tacp (max) is specified as a reference point only; if 
tracp is greater than tacp (max), then access time is controlled 
exclusively by tcc. 


(13) 
(14) 


(15) 


(16) 


(17) 


(18) 


preceded by any cycle. 
Either tary or tracy must be satisfied for a read cycle. 


Parameter twp is applicable for a delayed write cycle such asa 
read-write/read-modify-write cycle. For early write operation, 
‘both twos and twoH must be met. 


These parameters are referenced to the falling edge of CAS for 
early write cycles and to the falling edge of WE for delayed write 
or read-modify-write cycles. 


twos: tawo: tcwp, and tawp are restrictive operating parame- 
ters in read-write/read-modify-write cycles only. If twos = twos 
(min), the cycle is an early write cycle and the data output will 
remain open-circuit throughout the entire cycle. Iftowp 2 towp 
(min), tawo = trwp (min), and tawp = tawp (min), the cycle is 
a read-write cycle and the data output will contain data read 
from the selected cell. If neither of the above conditions is met, 
the condition of the data output pin (at access time and until 
CAS returns to Vip) is indeterminate. 


A test mode may be initiated by executing a CAS before RAS 
refresh cycle with WE held at Vj,. This mode also may inadvert- 
ently be initiated during power-up because external control of 
the signal lines is very difficult during this period. It_is therefore 
recommended that while WE is held at Vi, either a RAS-only or 
CAS before RAS refresh cycle should be executed at any time 
after the end of the initial power-up sequence to ensure normal 
device operation. 


Read-write/read-modify-write cycles can be executed only by 
CASp9, Ding and Doutg because of the separate data input and 
output pins. See block diagram. 
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Timing Waveforms 


Read Cycle 


High impedance 
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Timing Waveforms (cont) 


Early Write Cycle 





MC-424000AQ, -424100A9 NE C 


Timing Waveforms (cont) 


Late Write Cycle (Ding, Douro, and CASg Only) 


trc 
tras tRP 


ea ranialib| 
tcRP tRCD -tRSH tCPN 
0 1 tcas b 
os QQ \ ame, 


tasR tRAD tCwL 
tRAH tasc tCAH tRWL- 


KKKKK) wv umn AAA AKKAAAAAAAAAAAAAAAAAAAAAAAAAAA A 
naiess WAVY (adios KM Same KX 


tRCS twCH 


MLL] * 


tps tDH 


fai au > YY A YY A" OY ln 
ra’ 


OA OA A A A AL A AL LL LN LN Neh dark denbdebabch dad — nce rrneresnenmmnacmsssensssmnninpasenmmvreneusvmvummwinlt  Nukvockdachaed Yaad dnah Yuk Sadak oakrark dah Nrak dunal\ 


831H-6931B 
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Timing Waveforms (cont) 


Read-Write/Read-Modify-Write Cycle (Ding, Doyrs, and CASg Only) 


taSsR ee Ls 7 ae tcpn 


tow: 


. L se Lo 


tps 





tcac tOFF ; 


mn st aaa =" lamina "orga 
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Timing Waveforms (cont) 


Fast-Page Read Cycle 
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Timing Waveforms (cont) 


Fast-Page Early Write Cycle 
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Timing Waveforms (cont) 


Fast-Page Read-Write/Read-Modify-Write Cycle (Dino, Doure, and CASg Only) 


SAY, Hay fi 4 a 


ies twp 


tRcs > 
tbH 
8 
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Timing Waveforms (cont) 


Hidden Refresh Cycle 
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Timing Waveforms (cont) 


RAS-Only Refresh Cycle 
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Package Drawings 


30-Pin Leaded SIMM (MC-424000A9AA) 


Item  Millimeters 
88.9 + 0.13 
82.14 + 0.18 
0.5 

10.16 + 0.13 
2.54 

6.35 + 0.13 
2.03 + 0.13 
7.62 + 0.13 
20.3 max 
5.08 max 
1.57 rad 
26.28 max 


3.18 
+ 0.13 dla 


0.25 
3.4 + 0.7 
MIC-424000A94A 


wjol|slzjz|xlel—jzloln|ol|> 


Item  Millimeters 
88.9 + 0.13 
82.14 + 0.13 
1.78 

10.16 + 0.13 
2.54 

6.35 + 0.13 
2.03 + 0.13 
7.62 + 0.13 
0.25 max 
20.3 max 
5.08 max 
1.57 rad 
3.18 

+ 0.13 dia 
+0.10 
~ 0.08 


wlaizljzirixi[el—jzlolniol> 


= 


1.27 


MC-424000ASBA 


inches 
3.500 + .005 
3.234 + .005 
020 
.400 + .005 
-100 
250 + .005 
080 + .005 
300 + .005 
.799 max 
.200 max 
.062 rad 
1.0385 max 


125 
+ .005 dia 


010 
134 + .028 


MC-424000A9, -424100A9 





83YL-8424B (2/92) 


17 


MC-424000A9, -424100A9 


Package Drawings (cont) 
30-Pin Leaded SIMM (MC-424100A9A) 


Rem Millimeters inches | 
A 


88.9 + 0.13 3.500 + .005 
82.14 +0.13 3.234 + .005 
0.5 .020 
( 10.16 +0.13  .400 + .005 
2.54 -100 
6.35 + 0.13 .250 + .005 
2.03 £0.13 080 + .005 
7.62 + 0.13 300 + .005 
24.03 +0.13 946 + .005 
5.28 max -208. max 
1.57 rad .062 rad 
26.28 max 1.035 max 


3.18 125 
+ 0.13 dla +005 dia 


0.25 010 
3.4 + 0.7 134 + .028 
MC-424100A9A, 


AOMIZISiXi[Cf— (TL lOj/n|/o 


ftem Miltimeters 
88.9 + 0.13 
82.14 +0.13 
1.78 | 
10.16 +0.13 
2.54 

6.35 + 0.13 
2.03 + 0.13 
7.62, + 0.13 
0.25 max 
24.03 + 0.13 
5.28 max 
1.57 rad 
3.18 

+ 0.13 dia 


+0.10 
T 1.27 ~ 0.08 


> 


QjUVlZisirjAXl/cl—1/x iQ j/nj@ 
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NEC Electronics Inc. 


Description 


The MC-424000A32 is a fast-page dynamic RAM mod- 
ule organized as 4,194,304 words by 32 bits and de- 
signed to operate from a single +5-volt power supply. 
Advanced CMOS circuitry ensures minimum power 
dissipation and excellent operating margins. 


The three-state output is controlled by CAS indepen- 
dent of RAS. After a valid read or read-modify-write 
cycle, data is held on the output by holding CAS low. 
Data output is returned to high impedance by returning 
CAS high. Fast-page read and write cycles can be 
executed by cycling CAS. Refreshing is accomplished 
by RAS-only refresh cycles, CAS before RAS refresh 
cycles, hidden refresh cycles, or by the 2048 address 
combinations of Ag - Ayo during a 32-ms period. 


Single Inline Memory Module (SIMM™) packaging en- 
hances reliability and reduces the size, weight, and 
cost of a system.. Each SIMM contains eight 4M x 4-bit 
DRAMs (uPD4217400) and eight power supply decou- 
pling capacitors for noise reduction. DQo - DQ3; are 
common input/output pins. 


Features 


4,194,304-word by 32-bit organization 
Single +5-volt power supply 
Fast-page option 

Low power dissipation 

RAS- only refresh cycles 

CAS before RAS refresh cycles 
Hidden refresh cycles 

2048 refresh cycles every 32 ms 
TTL-compatible inputs and outputs 
72-pin SIMM packaging 


SIMM is a trademark of Wang Laboratories. 


onaaoaonaaanan 


Pin Identification 


Name Function 

Ag - Aio Address inputs 

CASp - CAS3 Column address strobes 

DQo - DQ34 Common data inputs/outputs 
RAS, RAS. Row address strobes 

WE Write enable 

GND Ground 

Voc +5-volt power supply 

NC No connection 


60240 





MC-424000A32 
4,194,304 x 32-Bit 
Dynamic CMOS RAM Module 


Pin Configuration 


72-Pin Socket-Mountable SIMM 





Pin | 
p19] Ato 
| 20 {| 0G, | 
| 21 | 0Q29 | 
| 22 | DOs 
| 23 | DQay_| 
| 24| DO, | 
| 25 | DQ | 
| 26 | 0G, | 
| 27 | DQeg 
[28 | Ar | 
j29| NC | 
| 30] Voc | 
| 92 | Ag 
| a3] NC | 
| 34 | RAS. | 
|35| NC | 
[36] Nc | 


N 


Notes: 


MC-424000A32 N: fo C 


Ordering Information 


Part Number Access Time (max) Package Height Thickness DRAMs 
MC-424000A32BD-60 60 ns 72-pin socket-mountable 25.4mm 9.3mm Eight uPD4217400LE 
BD-70 ae 70 ns “—————~_ SIMM (solder plating) (1.000 inch) (0.366 inch) 
BD-80 80 ns 
MC-424000A32FD-60 60 ns 72-pin socket-mountable 
FD-70 ees - Ons ————~ __ SIMM (gold plating) 
FD-80 80 ns 
MC-424000A32BH-60 60 ns 72-pin socket-mountable 31.75 mm 5.08 mm Eight uPD4217400LE 
BH-70 70 ns SIMM (solder piating) (1.250 inch) (0.200 inch) 
BH-80 80 ns 
MC-424000A32F H-60 60 ns 72-pin socket-mountable 
FH-70 70 ns SIMM (gold plating) 
FH-80 80 ns 


N. KE C MC-424000A32 





MC-424000A32 Connection Diagram 
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Absolute Maximum Ratings 


Recommended Operating Conditions 





Voltage on any pin relative to GND -1.0to+7.0V Parameter Symbol Min Typ Max Unit 
Operating temperature, Topr 0 to +70°C Input voltage, high Vin 2.4 Voc + 1.0 V 
Storage temperature, Tete —55 to + 125°C Input voltage, low Vin -1.0 0.8 V 
Short-circuit output current, log 50 mA Supply voltage Voc 4.75 5.0 5.25 Vv 
Power dissipation, Pp 8W Ambient temperature Ta 0 70 °C 
Exposure to Absolute Maximum Ratings for extended periods may 
affect device reliability; exceeding the ratings could cause perma- Capacitance 
nent damage. The device should be operated within the limits Ta = 25°C; f = 1 MHz 
specified under DC and. AC Characteristics. Parameter +~<Symbol_ «Max ‘Unit ‘Pins Under Test 

Input Ci 68 pF Ao - Aio 

capacitance Cp 76 pF WE 

Cy 43 pF RAS 
Cy 29 pF CAS 

Input/output Cio/Coo 17 pF DQ  - DQ34 

capacitance 
DC Characteristics 
Ta = Oto +70°C; Voco = +5.0 V +5% 
Parameter Symbol Min Max Unit Test Conditions 
Standby current lece 16 mA RAS = CAS = Viz (min) 

8 mA RAS = CAS = Voc -0.2V 
Input leakage current lia) -80 80 LA Vin = 0V to Voc; 
_ all other pins not under test = 0V 

Output leakage current low) -10 10 A DQo to DQ3; disabled; Voyy = 0 V to Voc 
Output voltage, low VoL 0.4 V lol = 42 mA 
Output voltage, high .. Vou 2.4 Vv low = -5 mA 





BN 


NEC 


AC Characteristics 


Ta = Oto +70°C; Vog = +5.0V +5% 
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-60 -70 -80 
Parameter Symbol Min Max Min Max Min Max Unit Test Conditions 
Operating current, average loci 880 800 720 mA RAS and CAS cycling; tag = 
tro min; 
lo = O mA (Note 5) 
Operating current, RAS-only refresh loos 880 800 720 mA_ RAS cycling; CAS = Vin; 
cycle, average tac = tac min; 
lo = O mA (Note 5) 
Operating current, fast-page cycle, loca 640 560 480 mA RAS < Vis CAS cycling; 
average tpo = tpo min; 
lo = O mA (Note 5) 
Operating current, CAS before RAS locs 880 800 720 mA _ RAS cycling; CAS before RAS; 
refresh cycle, average tac = trac min; 
lo = O mA (Note 5) 
Access time from column address taa 30 35 40 ns___ (Notes 7, 9) 
Access time from CAS precharge tacp 35 40 45 ns (Notes 7, 9) 
(rising edge) 
Column address setup time tasc ns 
Row address setup time tasr 0 ns 
Access time from CAS (falling edge) toac 20 20 20 ns__ (Notes 7, 9) 
Column address hold time tcaH 15 15 15 ns 
CAS pulse width tcas _ 20.—«S«- 10,000 20. «Ss 10,000 20.—Ss:10,000_—Ss ns 
CAS hold time for CAS before RAS tcHR 15 15 15 ‘ns 
refresh cycle 
CAS to output in low impedance toLz 0 0 0 ns___ (Note 7) 
Fast-page CAS precharge time top 10 10 10 ns 
CAS precharge time, nonpage cycle tcpn 10 10 10 ns 
CAS to RAS precharge time tcorp 10 10 10 ns. (Note 12) 
CAS hold time tesH 60 70 80 ns 
CAS setup time for CAS before RAS tosr 10 10 10 ns 
refresh cycle 
Data-in hold time tpH 15 15 15 ns (Note 15) 
Data-in setup time tos 0 ns (Note 15) 
Output buffer turnoff delay torr 15 15 20 ns. (Note 10) 
Fast-page cycle time tpc 40 45 50 ns__ (Note 6) 
Access time from RAS trac 60 70 80 ns (Notes 7, 8) 
RAS to column address delay time trap 15 30 15 35 17 40 ns (Note 9) 
Row address hold time tRAH 10 10 12 ns 
Column address lead time referenced _trpat 30 35 40 ns 
to RAS (rising edge) 
RAS pulse width tras 60 10,000 70 10,000 80 10,000 ns 
Fast-page RAS pulse width trasp 60 125,000 70 125,000 80 125,000 ns 
Random read or write cycle time tac 120 140 160 ns_ (Note 6) 
RAS to CAS delay time trop 20 40 20 60 25 60 ns (Note 11) 
Read command hold time referenced = tracy 0 0 0 ns (Note 13) 


to CAS 
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AC Characteristics (cont) 
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20 
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NEC 


Write command hold time 


-60 
Parameter Symbol Min Max 
Read command setup time tacs 0 
Refresh period tREF 32 
RAS precharge time trp 50 
RAS hold time from CAS precharge tanop 35 
RAS precharge CAS hold time trpc 10 
Read command hold time referenced — tary 0 
to RAS 
RAS hold time tRsH 20 
Rise and fall transition time ty 3 50 
twoH 15 
. Write command setup time twos 0 
WE hold time twHr 15 
WE setup time twsr 10 
Write command pulse width twp 15 


Notes: 


(1) 
(2) 


(3) 


(4) 


(5) 


(6) 


(7) 
(8) 


(9) 
(10) 


(11) 


(12) 


All voltages are referenced to GND. 


An initial pause of 100 ps is required after power-up, followed by 
any eight RAS cycles, before proper device operation is 
achieved. At the end of the initial power-up sequence, it is 
recommended that either a RAS-only or CAS before RAS refresh 
cycle be executed while WE = Vj}; to ensure normal operation. 


Ac measurements assume ty = 5 ns. 


Vir (min) and Vi, (max) are reference levels for measuring the 
timing of input signals. Transition times are measured between 
Vin, and Vir. 


loot loos: lecg, and logs depend on output loading and cycle 
rates. Specified values are obtained with the output open. Iocg 
is measured assuming that all column address inputs are held at 
either a high level or a low level during RAS-only refresh cycles. 
loc4 is measured assuming that all column address inputs are 
switched only once during each fast-page cycle. 


The minimum specifications are used only to indicate the cycle 
time at which proper operation over the full temperature range 
(Ta = Oto + 70°C) is assured. 


Load = 2TTL (-1 mA, +4 mA) loads and 100 pF. 


‘Assumes that tacp < tacp (max) and trap < trap (max). If 


trop OF trap is greater than the maximum recommended value 
in this table, trac increases by the amount that tacp or trap 
exceeds the value shown. 


If trap = trap (max), then the access time is defined by taa. 


torre (max) defines the time at which the output achieves the 
open-circuit condition and is not referenced to Voy or VoL. 


Operation within the tacp (max) limit assures that trac (max) 
can be met. tagp (max) is specified as a reference point only; if 
trop is greater than taop (max), then access time is controlled 
exclusively by tcac. 


The tcorp requirement should be applicable for RAS/CAS cycles 
preceded by any cycle. 


15 
10 
15 


-70 -80 
Max Min Max Unit Test Conditions 

0 ns 

32 32 ms Addresses Ag - A1o 
70 ns 
45 ns 
10 ns 
0 ns (Note 13) 
20 ns 

50 3 50 ns (Note 3) 
15 ns 
0 ns (Note 16) 
15 ns 
10 ns 
15 ns (Note 14) 

(13) Either tany or tac must be satisfied for a read cycle. 

(14) Parameter twp is applicable for a delayed write cycle such as a 
read-write/read-modify-write cycle. For early write operation, 
both twos and twop must be met. 

(15) These parameters are referenced to the falling edge of CAS for 
early write cycles and to the falling edge of WE for delayed write 
or read-modify-write cycles. 

(16) twos, trwp: tcwp: and tawp are restrictive operating parame- 
ters in read-write/read-modify-write cycles only. lft wos = twos 
(min), the cycle is an early write cycle and the data output will 
remain open-circuit throughout the entire cycle. Iftcwp = tewp 
(min), tawp = twp (min), and tawp = tawp (min), the cycle is 
a read-write cycle and the data output will contain data read 
from the selected cell. If neither of the above conditions is met, 
the condition of the data output pin (at access time and until 
CAS returns to Vj) is indeterminate. 

(17) A test mode may be initiated by executing a CAS before RAS 


refresh cycle with WE held at V\,. This mode also may inadvert- 
ently be initiated during power-up because external control of 
the signal lines is very difficult during this period. It is therefore 
recommended that while WE is held at Vj}, either a RAS-only or 
CAS before RAS refresh cycle be executed at any time after the 
end of the initial power-up sequence to ensure normal device 
operation. 


NV. E C MC-424000A32 


Timing Waveforms 


Read Cycle 
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Timing Waveforms (cont) 


Early Write Cycle 
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Timing Waveforms (cont) 


Fast-Page Read Cycle 





tca | tAA 


tcac 
<teiz 


High Impedance Valid Valid Valid 
Pout Lee: A AL pata-out i XL Data-out 


toiz torr ‘teLz torr 
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Timing Waveforms (cont) 


Fast-Page Early Write Cycle 





NV. E Cc MC-424000A32 


Timing Waveforms (cont) 


Hidden Refresh Cycle 


CAS Before RAS Cycle CAS Before RAS Cycle 
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Timing Waveforms (cont) 


RAS-Only Refresh Cycle 
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Package Drawings 


72-Pin Socket-Mountable SIMM (MC-424000A32, Suffix BD or FD) 


tem _Millimeters item _ Millimeters Inches 
A 107.95 + 0.2 
B 101.19 +02 
F 1.04 
G 
H 
1 
J 
K 
L 


25.4 1.000 
9.3 366 
1.57 rad 062 rad 
3.18 dia 

1.27 

3.38 

44.45 

6.36 


10.16 
1.27 
6.35 
2.03 
6.35 
2.54 min 


XJSl<icj4lojujzi=z 
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Package Drawing (cont) 


72-Pin Socket-Mountable SIMM (MC-424000A32, Suffix BH or FH) 


Item _Millimeters 
A 107.95 +02 
B 101.19 + 0.2 
F 1.04 
G 
H 
u 
J 
K 
L 


10.16 
1.27 
6.35 
2.03 
6.35 
2.54 min 


14 


Inches 
4.250 + .008 
8.984 + .008 
041 
-400 
050 
.250 
-080 
.250 


item _‘Nilllimeters 


X1Sl<[clalolvjziz 


31.75 
5.08 
1.57 rad 


3.18 dia 


1.27 

3.38 

44.45 

6.36 

95.25 +0.1 


Inches 

1.250 

200 

.062 rad 
125 dia 
050 

133 

1.750 

250 

3.750 + .004 
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NEC Electronics Inc. 


Description 


The MC-424000A36 is a fast-page dynamic RAM mod- 
ule organized as 4,194,304 words by 36 bits and de- 
signed to operate from a single +5-volt power supply. 
Advanced CMOS circuitry ensures minimum power 
dissipation and excellent operating margins. 


The three-state output is controlled by CAS indepen- 
dent of RAS. After a valid read or read-modify-write 
cycle, data is held on the output by holding CAS low. 
Data output is returned to high impedance by returning 
CAS high. Fast-page read and write cycles can be 
executed by cycling CAS. Refreshing is accomplished 
by RAS-only refresh cycles, CAS before RAS refresh 
cycles, hidden refresh cycles, or by the 2048 address 
combinations of Ag - Ayg during a 32-ms period. 


Single Inline Memory Module (SIMM™) packaging en- 
hances reliability and reduces the size, weight, and 
cost of asystem. Each SIMM contains eight 4M x 4-bit 
DRAMs (uPD4217400), four 4M x 1-bit DRAMs 
(uPD424100), and 12 power supply decoupling capac- 
itors for noise reduction. DQ9-DQ35 are common 
input/output pins. 


Features 


4,194,304-word by 36-bit organization 
Single +5-volt power supply 
Fast-page option 

Low power dissipation 

RAS-only refresh cycles 

CAS before RAS refresh cycles 
Hidden refresh cycles 

2048 refresh cycles every 32 ms 
TTL-compatible inputs and outputs 
72-pin SIMM packaging 


OBoagangangnaaanoa a 


Pin Identification 


Name Function 

Ao - Aio Address inputs 

CASp - CAS3 Column address strobes 

DQo - DQg5 Common data inputs/outputs 
RAS, RAS. Row address strobes 

WE Write enable 

GND Ground 

Voc +5-volt power supply 

NC No connection 


SIMM is a trademark of Wang Laboratories. 


60239 





MC-424000A36 
4,194,304 x 36-Bit 
Dynamic CMOS RAM Module 


Pin Configuration 


72-Pin Socket-Mountable SIMM 


8 


[| Pin | Symbol _| 
| 19] Ato 
| 20 | DQ, | 
[21 | DQeo | 
| 22 | DOs | 
eee 
De. 
| 25 | DQoq | 
| 26] Da | 
| 27 | DOs | 
| 28] Ar | 
| 29] NC | 
| 30 | Veo _| 
|32| Ag | 
| 33] NC | 
| 34 | RAS. | 
| 35 | Daa | 
| 36 | DQ | 


Notes: 


MC-424000A36 NV. KE C 


MC-424000A36 Connection Diagram 





Mo 


Address 0——--_______-> 
WE o————_—______> 
WE DO - D7 (xPD4217400) 


Vv —— « 
cc co-Cl1 MO - M3 (uPD424100) 
GND o——s—_____> 
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Ordering Information 





Part Number Access Time (max) Package Height Thickness DRAMs 

MC-424000A36BD-60 60 ns 72-pin socket-mountable 25.4 mm 9.3mm Eight uPD4217400LE 
BD-70 ~ 70 ae a ~ SIMM (solder plating) (1.000 inch) (0.366 inch) Four pPD424100LA 
BD-80 80 ns 

MC-424000A36FD-60 60 ns 72-pin socket-mountable 

FD-70 mee ago SIMM (gold plating) 

FD-80 80 ns 

MC-424000A36BH-60 60 ns 72-pin socket-mountable 31.75 mm 5.08 mm Eight uPD4217400LE 
BH-70 = 70 n ae ~~~ _ SIMM (solder plating) (1.250 inch) (0.200 inch) Four pPD424100LA 
BH-80 80 ns 

MC-424000A36FH-60 60 ns 72-pin socket-mountable 
FH-70 70 ne : SIMM (gold plating) 
FH-80 80 ns 





o 
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NEC 





Absolute Maximum Ratings 





Recommended Operating Conditions 


Voltage on any pin relative to GND -1.0to +7.0V Parameter Symbol Min Typ Max Unit 
Operating temperature, Topp 0 to + 70°C Input voltage, high Vin 2.4 Voc + 1.0 Vv 
Storage temperature, Teta —-55 to + 125°C Input voltage, low Vit ~1.0 0.8 V 
Short-circuit output current, log 50 mA Supply voltage . Voc 475 5.0 5.25 Vv 
Power dissipation, Pp 12W Ta 0 70 °C 


Ambient temperature 


Exposure to Absolute Maximum Ratings for extended periods may 
affect device reliability; exceeding the ratings could cause perma- 
nent damage. The device should be operated within the limits 
specified under DC and AC Characteristics. 


Capacitance 
Ta = 25°C; f = 1 MHz 


Parameter Symbol Max Unit Pins Under Test 
Input Cry 88 pF = Ag- Ajo 
capacitance Cp 104 pF WE 

Cig 57 pF RAS 

C4 36 pF CAS 


Input/output 
capacitance 


Ci4/Co1 17 pF DQo - DQgs5 except 


pins listed below 


Cie/Cop = 22s PF Dg, DQ47, DQd6, DO35 


DC Characteristics 
Ta = 0 to +70°C; Vog = +5.0 V £5% 





Parameter Symbol Min Max Unit Test Conditions 
Standby current loca 24 mA RAS = CAS = Vyy (min) 

12 mA RAS = CAS = Vog~-0.2V 
Input leakage current hq) -120 120 LA Vin = OV to Voc; 

all other pins not under test = 0V 

Output leakage current loi) -20 20 LA DQo to DQgs disabled; Voyt = 0 V to Voo 
Output voltage, low VoL 0.4 V lo. = 4.2 mA 
Output voltage, high Vou 2.4 V lon = -5 mA 





bh 
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AC Characteristics 
Ta = Oto +70°C; Veo = +5.0 V 45% 








-60 -70 -80 
Parameter Symbol Min Max Min Max Min Max Unit Test Conditions 
Operating current, average loci 1360 1200 1080 mA RAS and CAS cycling; 
tro = tro min; 
lo = O mA (Note 5) 
Operating current, RAS-only refresh loc3 1360 1200 1080 mA = RAS cycling; CAS = Vin; 
cycle, average tac = tac min; 
Io = O mA (Note 5) 
Operating current, fast-page cycle, loc4 1000 880 760 mA RAS s Vi; CAS cycling; 
average tpc = tpo min; 
lo = O mA (Note 5) 
Operating current, CAS before RAS loos 1360 1200 1080 mA RAS cycling; CAS before 
refresh cycle, average RAS; tac = tao min; 
lo = O mA (Note 5) 
Access time from column address taa 30 35 40 ns (Notes 7, 9) 
Access time from CAS precharge tace 40 40 45 ns _ (Notes 7, 9) 
(rising edge) 
Column address setup time tasc 0 0 0 ns 
Row address setup time tasr 0 0 0 ns 
Access time from CAS (falling edge) tcac 20 20 20 ns ___ (Notes 7, 9) 
Column address hold time toar 15 15 15 ns , 
CAS pulse width tcoas 20 10,000 20 10,000 20 10,000 ns 
CAS hold time for CAS before RAS tour 15 15 15 ns 
refresh cycle 
CAS to output in low impedance toLz 0 0 fe) ns ___ (Note 7) 
Fast-page CAS precharge time top 10 10 10 ns 
CAS precharge time | tcopn 10 10 10 ns 
CAS to RAS precharge time torp 10 10 10 ns _— (Note 12) 
CAS hold time tos 60 70 80 ns 
CAS setup time for CAS before RAS tosr 10 10 10 ns 
refresh cycle 
Data-in hold time toy 15 15 15 ns __—__ (Note 15) 
Data-in setup time tos 0 0 0 ns _—_ (Note 15) 
Output buffer turnoff delay torr 0 15 0 15 0 20 ns _—_ (Note 10) 
Fast-page cycle time tpc 40 45 50 ns (Note 6) 
Access time from RAS trac 60 70 80 ns __ (Notes 7, 8) 
RAS to column address delay time — trap 15 30 15 35 17 40 ns _—_ (Note 9) 
Row address hold time tRAH 10 10 12 ns 
Column address lead time referenced tRAL 30 35 40 ns 
to RAS (rising edge) 
RAS pulse width tras 60 10,000 70 10,000 80 10,000 ns 
Fast-page RAS pulse width trasp 60 125,000 70 125,000 80 125,000 ns 
Random read or write cycle time trc 120 140 160 ns _—_ (Note 6) 
RAS to CAS delay time taco 20 40 20 60 25 60 ns (Note 11) 
Read command hold time referenced tRoH ie) 0 0 ns = (Note 13) 
to CAS 
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AC Characteristics (cont) 








-60 -70 -80 
Parameter Symbol Min Max Min Max Min Max Unit Test Conditions 
Read command setup time . tpaos =. 0 0 9) ns : 
Refresh period | z tRer 32 32 32 ms Addresses Ag - Aig 
RAS hold time:from GAS precharge trHcp 35 40 45 ns 
RAS precharge time tap 50 60 . 70 ns 
RAS precharge CAS hold time tapo 10 10 10 ns 
Read command hold time referenced — try 0 0 o ns (Note 13). 
to RAS , 
RAS hold time tasH 20 20 20 ns 
Rise and fail transition time tr 3 50 3 50 3 . §0 ns _—_ (Note 3) 
Write command hold time tweou 15 15 15 ns 
Write command setup time’ ‘twos 0 0 0 ns _—_ (Note 16) 
WE hold time twHr 15 15 15 ns 
WE setup time twsR 10 10 10 ns 
= Write command pulse width twp 15 15 15 ns __ (Note 14) 
Notes: peepee! 
(1) All voltages are referenced to GND. (12) The topp requirement should be applicable for RAS/CAS cycles 


(2) An initial pause of 100 us is required after power-up, followed by preceded by any cycle. 


any eight RAS cycles, before proper device operation is — (13) Either tary or tacy must be satisfied for a read cycle. 
achieved. At the end of the initial power-up sequence, it is 
recommended that either a RAS-only or CAS before RAS refresh 
cycle be executed while WE = Vj}; to ensure normal operation. 


(14) Parameter twp is applicable for a delayed write cycle such as a 
read-write/read-modify-write cycle. For early write operation, 
both twos and twon must be met. 


(3) Ac measurements assume ty = Sns. (15) These parameters are referenced to the falling edge of CAS for 

(4) Ving (min) and Vi, (max) are reference levels for measuring the early write cycles and to the falling edge of WE for delayed write 
timing of input signals. Transition times are measured. between or read-modify-write cycles. 
Vin and Vit. (16) twos, tawo tewp, and tawp are restrictive operating parame- 

6) loot loos: loo4, and loos depend on output loading and cycle ters in read-write/read-modify-write cycles only. iftwos = twos 
rates. Specified values are obtained with the output open. Ioc3 (min), the cycle is an early write cycle and the data output will 
is measured assuming that all column address inputs are held at remain open-circuit throughout the entire cycle. lIftcwp = tewp 
either a high level or a low level during RAS-only refresh cycles. (min), tawo = trwp (min), and tawp = tawp (min), the cycle is 
loca is measured assuming that all column address inputs are a read-write cycle and the data output will contain data read 
switched only once during each fast-page cycle. from the selected cell. If neither of the above conditions is met, 


the condition of the data output pin (at access time and until 


6) The minimum specifications are used only to indicate the cycle 
©) P i , CAS returns to Vin) is indeterminate. 


time at which proper operation over the full Temperature range 


(Ta = Oto + 70°C) is assured. (17) A test mode may be | initiated by executing a CAS before RAS 
(7) Load = 2TTL (1 mA, +4 mA) loads and 100 pF. refresh cycle with WE held at Vi. This mode also may inadvert- 
ently be initiated during power-up because external control of 
(8) Assumes that taop < trop (max) and trap < trap (max). If _ the signal lines is very difficult during this.period, It is therefore 
tacp or trap is greater than the maximum recommended value recommended that while WE is held at Vj}, either a RAS-only or 
in this table, trac increases by the amount that tacp or trap CAS before RAS refresh cycle be executed at any time after the 
exceeds the value shown. end of the initial power-up sequence to ensure normal device. 

(9) Iftpap = trap (max), then the access time is defined by tag. operation. 


(10) tore (max) defines the time at which the output achieves the 
open-circuit condition and is not referenced to Voy or VoL. 


(11) Operation within the tacp (max) limit assures that taac (max) 
can be met. tpep (max) is specified as a reference point only; if 
trop is greater than tacp (max), then access time is controlled 
exclusively by toac. 
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Timing Waveforms 


Read Cycle 
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Timing Waveforms (cont) 


Early Write Cycle 
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Timing Waveforms (cont) 


Fast-Page Read Cycle 









tcac taa 
| tacp 


tRAC 
tcac 
teLz torr te.z torr — 


High Impedance 
Pout = tN Data-out - UX pata-out 





1 Yi Vaild 
Data-out 
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Timing Waveforms (cont) 


Fast-Page Early Write Cycle 


7 vacua X77 7X0 veraoaa X77 


S9CL-8642B 
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Timing Waveforms (cont) 


Hidden Retresh Cycle 


CAS Before RAS Cycle CAS Before RAS Cycle 
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Timing Waveforms (cont) 
RAS-Only Refresh Cycle 
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Package Drawings 





72-Pin Socket-Mountable SIMM (MC-424000A36. Suffix BD or FD) 


Item Millimeters item  Millimeters 
A 107.95 +0.2 25.4 
B 101.19 +0.2 9.3 
F 1.04 1.57 rad 
G 10.16 3.18 dia 
H 1.27 1.27 .050 
! 6.35 3.38 133 
J 2.08 44.45 1.750 
K 6.35 6.36 250 
L._ 2.54 min 3.750 + .004 


xlSi<iclalolviziz 


uPD4217400LE nPD424100LA 
(400-mil SOu) (300-mil SOJ) 
A 





ney Aaa ree near ae nN 
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MC-424000A36 NE Cc 


Package Drawings (cont) 


72-Pin Socket-Mountable SIMM (MC-424000A36, Suffix BH or FH) 


tem _Nililimeters Hem. Miilimeters "Inches 

A. 107.95 + 0.2 M 31.75 1.250 

B 101.19 + 0.2 N 5.08 .200 

F 1.04 P 1.57 rad .062_rad 
--@ 10.16 ‘ S$ 3.18 dia 125 dia 

H 1.27 T .050 

1 6.35 U .133 

J 2.03 V 1.750 

K 6.85 Ww 250 

L 2.54 min x 3.750 + .004 


»PD4217400LE »PD424100LA 
(400-mil SOU) (300-mll SOU) 
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NEC 


NEC Electronics Inc. 


Description 


The MC-428000A32 is a fast-page dynamic RAM mod- 
ule organized as 8,388,608 words by 32 bits and de- 
signed to operate from a single +5-volt power supply. 
Advanced CMOS circuitry ensures minimum power 
dissipation and excellent operating margins. 


The three-state output is controlled by CAS indepen- 
dent of RAS. After a valid read or read-modify-write 
cycle, data is held on the output by holding CAS low. 
Data output is returned to high impedance by returning 
CAS high. Fast-page read and write cycles can be 
executed by cycling CAS. Refreshing is accomplished 
by RAS-only refresh cycles, CAS before RAS refresh 
cycles, hidden refresh cycles, or by the 2048 address 
combinations of Ag - Ajo during a 32-ms period. 


Single Inline Memory Module (SIMM™) packaging en- 
hances reliability and reduces the size, weight, and 
cost of a system... Each SIMM contains sixteeen 
4,194,304 x 4-bit DRAMs (uPD4217400) and 16 power 
supply decoupling capacitors for noise reduction. 
DQo - DQg; are common input/output pins. 


Features 


8,388,608-word by 32-bit organization 
Single +5-volt power supply 
Fast-page option 

Low power dissipation 

RAS-only refresh cycles 

CAS before RAS refresh cycles | 
Hidden refresh cycles 

2048 refresh cycles every 32 ms 
TTL-compatible inputs and outputs 
72-pin SIMM packaging 


SIMM is a trademark of Wang Laboratories. 


HbBoaoaonoanaononooao aA 


Pin Identification 


Name Function 

Ao - Ato Address inputs 

CASo - CAS; Column address strobes 

DQg - DQ3, Common data inputs/outputs 
RASq - RAS3 Row address strobes 

WE Write enable 

GND Ground 

Voc +5-volt power supply 


NC No connection 


60241 


MC-428000A32 
8,388,608 x 32-Bit 
Dynamic CMOS RAM Module 


Pin Configuration 


72-Pin Socket-Mountable SIMM 





| Pin | 
| 19 | 
| 20 | 
| 21 | 
23 | 
| 24 | 
| 25 | 
| 26 | 
| 27 | 
| 28 | 
| 20 | 
| 30 | 
| 3 | 
| 33 | 
| 34 | 
| 36 | 


> | > > 
iissddduuddcdddcdd 


NC 


Notes: 


N 
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MC-428000A32 Connection Diagram 





Ag ~Ayg 09> 


WE o> 
WE DO -D15 


Yoo °——.-—-> |_ («PD4217400 
cc cocls (a ) 


GND o——4-—______ >» 
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Ordering Information 











Part Number Access Time (max) Package Height Thickness DRAMs 
MC-428000A32BH-60 60 ns 72-pin socket-mountable 31.75 mm 9.3 mm 16 uPD4217400LE 
BH-70 70s ——  SIMM {solder plating) (1.250 inch) (0.366 inch) 
BH-80 80 ns 
MC-428000A32FH-60 60 ns 72-pin socket-mountable 
FH-70.. #4x70ns. SIMM (gold plating) 
FH-80 80 ns 
Absolute Maximum Ratings Recommended Operating Conditions 
Voltage on any pin relative to GND -1.0 to +7.0V Parameter Symbol Min Typ Max Unit 
Operating temperature, Topa 0 to +70°C Input voltage, high Vin 2.4 Voc + 1.0 Vv 
Storage temperature, Tstg -55 to + 125°C Input voltage, low Vit 1.0 0.8 
Short-circuit output current, log 50 mA Supply voltage Voc 4.75 5.0 §.25 
Power dissipation, Pp 24W Ambient temperature Ta 0 70 


Exposure to Absolute Maximum Ratings for extended periods may 
affect device reliability; exceeding the ratings could cause perma- Capacitance 
nent damage. The device should be operated within the limits Ta = 25°C; f = 1 MHz 





specified under DC and AC Characteristics. Parameter. +~«<Symbol_=« Max —*Unit__- Pins Under Test 
Input Ci 121 pF Ao - Ato 
capacitance Cp 137 pF We 
Cig 48 pF RAS 
Cu 48 pF CAS 
Input/output Ci4/Co4 29 pF DQo - DQ3 


capacitance 


DC Characteristics 
Ta = Oto +70°C; Vog = +5.0V +5% 





Parameter Symbol Min Max Unit Test Conditions 

Standby current lece 32 mA RAS = CAS = Viyq (min) 
16 mA RAS = CAS = Voc -0.2V 

Input leakage current Ti) -160 160 yA Vin = OV toVoc; . 


all other pins not.under test = 0 V 
Output leakage current low -20 20 UA DQo to DQ; disabled; Voyr = OV toVoco 
Output voltage, low VoL 0.4 V lol = 4.2 mA 
Output voltage, high Vou 2.4 V lon = —5 mA 





a 








MC-428000A32 


AC Characteristics 
Ta = Oto +70°C; Voog = +5.0V 45% 


-60 -70 -80 
































Parameter Symbol Min) Max Min Max Min Max _ Unit Test Conditions 

Operating current, average loc 940 860 780 mA _ RAS and CAS cycling; tac = tac min; 
lo = 0 mA (Note 5) 

Operating current, RAS- only loc3 940 860 780 mA RAS cycling; CAS = Viv; tao = tro min; 

refresh cycle, average lo = 0 mA (Note 5) 

Operating current, fast-page loca 700 620 540 mA RAS s Vi; CAS cycling; tpo = tpg min; 

cycle, average lo = 0 mA (Note 5) 

Operating current, CAS before = Iocg5 940 860 780 mA RAS cycling; CAS before RAS; tac = tao min; 

RAS refresh cycle, average lo = 0 mA (Note 5). = a aon 

Access time from column taa 35 35 45 ns_ (Notes 7, 9) 

address — 

Access time from CAS tacp 40 40 45 ns_ (Notes 7, 9) 

precharge (rising edge) 

Column address setup time tasc 0 20 0 20 0° ©~§620 ns 

Row address setup time tasr 0 0 0. ns 

Access time from CAS (falling  tcac 15 20 20 ns_ (Notes 7, 9) 

edge) ; 

Column address hold time tcaH 17 15 15 ns 

CAS pulse width tcas. 20 10,000. 20 10,000 20 10,000 ns 

CAS hold time for CAS before tour 15 15 15 ns 

RAS refresh cycle 

CAS to output in low toLz 0 0 0 ns 

impedance 

Fast-page CAS precharge time top 10 10 10 ns 

CAS precharge time, nonpage — tcpn 10 10 10 ns 

cycle 

CAS to RAS precharge time torp 10 10 10 ns_ (Note 12) 

CAS hold time tosu 60 70 80 ns 

CAS setup time for CAS before. tosgp 10 10 10 ns 

RAS refresh cycle — 

Data-in hold time tpy .. 15 15 15 ns_ (Note 15) 

Data-in setup time tps . 0 0 0 ns_ (Note 15) 

Output buffer turnoff delay - torF 0 15 0 15 0 20 ns (Note 10) 

Fast-page cycle time: tpc 40 45 50 ns_ (Note 6) 

Access time from RAS trac 60 70 . 80 ns_ (Notes 7, 8) 

RAS to column address delay) = trap 15 30 15 35 17 40 ns_ (Note 9) 

time a 

Row address hold time tRaAH 10 10 12 ns 

Column address lead time tRaL 30 35 40 ns 

referenced to RAS (rising edge) 

RAS pulse width tras 60 10,000 70 10,000 80 10,000 ns 

Fast-page RAS pulse width trasp 60 125,000 70 125,000 80 125,000 ns 

Random read or write cycle tro 120 130 160 ns _ (Note 6) 

time 

RAS to CAS delay time trop 20 40 20 60 25 60 ns_ (Note 11) 
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AC Characteristics (cont) 


-60 -70 
Parameter Symbol Min) Max Min Max 
Read command hold time tacH 0 ie) 
referenced to CAS 
Read command setup time tres 0 0 
Refresh period tre 32 32 
RAS hold time from CAS trHcp 35 40 
precharge 
RAS precharge time trp 50 60 
RAS precharge CAS hold time —_tapo 10 10 
Read command hold time tray 0 0 
referenced to RAS 
RAS hold time tas 20 20 
Rise and fall transition time ty 3 50 3 50 
Write command hold time twoH 18 15 
Write command setup time twes fe) 0 
WE hold time twHR «15 15 
WE setup time twsp 10 10 
Write command pulse width twp 15 15 


Notes: 


(1) 
(2) 


(3) 
(4) 


(5) 


(6) 


(8) 


(9) 
(10) 


(11) 


All voltages are referenced to GND. 


An initial pause of 100 us is required after power-up, followed by 
any eight RAS cycles, before proper device operation is 
achieved, At the end of the initial power-up sequence, it is 
recommended that either a RAS-only or CAS before RAS refresh 
cycle be executed while WE = Vj} to ensure normal operation. 


Ac measurements assume ty = Sns. 


Vin (min) and Vi, (max) are reference levels for measuring the 
timing of input signals. Transition times are measured between 
Vin and Vir. 


loc loca: loos, and locs5 depend on output loading and cycle 
rates, Specified values are obtained with the output open. Ioc3 
is measured assuming that all column address inputs are held at 
either a high level or a low level during RAS-only refresh cycles. 
loca is measured assuming that all column address inputs are 
switched only once during each fast-page cycle. 


The minimum specifications are used only to indicate the cycle 
time at which proper operation over the full temperature range 
(Ta = Oto + 70°C) is assured. 


Load = 2 TTL ¢-1 mA, +4 mA) loads and 100 pF. 


Assumes that tacp = trop (max) and trap s trap (max). If 
trcp oF trap is greater than the maximum recommended value 
in this table, tnac increases by the amount that tacp or trap 
exceeds the value shown. 


If trap = trRap (max), then the access time is defined by taa. 


torr (max) defines the time at which the output achieves the 
open-circuit condition and is not referenced to Voy or VoL. 


Operation within the tacp (max) limit assures that taac (max) 
can be met. tacp (max) is specified as a reference point only; if 
trop is greater than taop (max), then access time is controlled 
exclusively by tcac. 


Min 


(0) 


45 


70 
10 


15 
0 
15 
10 
15 


(12) 


(13) 
(14) 


(15) 


(16) 


(17) 


MC-428000A32 


-80 

Max Unit Test Conditions 
ns_ (Note 13) 
ns 

32 ms Addresses Ag - Aig 
ns 
ns 
ns 
ns (Note 13) 
ns 

50 ns_ (Note 3) 
ns 
ns_ (Note 16) 
ns 
ns 
ns_ (Note 14) 


The tcrp requirement should be applicable for RAS/CAS cycles 
preceded by any cycle. 


Either taay or tacH must be satisfied for a read cycle. 


Parameter twp is applicable for a delayed write cycle such as a 
read-write/read-modify-write cycle. For early write operation, 
both twos and twcp must be met. 


These parameters are referenced to the falling edge of CAS for 
early write cycles and to the falling edge of WE for delayed write 
or read-modify-write cycles. 


twos, tawo: tcwp: and tawp are restrictive operating parame- 
ters in read-write/read-modify-write cycles only. Iftwos 2 twos 
(min), the cycle is an early write cycle and the data output will 
remain open-circuit throughout the entire cycle. Iftcwp = tcewp 
(min), tawp 2 trwp (min), and tawp 2 tawp (min), the cycle is 
a read-write cycle and the data output will contain data read 
from the selected cell. If neither of the above conditions is met, 
the condition of the data output pin (at access time and until 
CAS returns to Vj})) is indeterminate. 


A test mode may be initiated by executing a CAS before RAS 
refresh cycle with WE held at Vj,. This mode also may inadvert- 
ently be initiated during power-up because external control of 
the signal lines is very difficult during this period. Itis therefore 
recommended that while WE is held at Vjp;, either a RAS-only or 
CAS before RAS refresh cycle be executed at any time after the 
end of the initial power-up sequence to ensure normal device 
operation. 
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Timing Waveforms 


Read Cycle 
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.iming Waveforms (cont) 


Early Write Cycle 
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Timing Waveforms (cont) 


Fast-Page Read Cycle 
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Timing Waveforms (cont) 


Fast-Page Early Write Cycle 
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Timing Waveforms (cont) 


Hidden Retresh Cycle 
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Timing Waveforms (cont) 


RAS-Only Refresh Cycle 








Note: 
(1] WE= Vip. 





CAS Before RAS Refresh Cycle 


High Impedance 





Note: 
[1] Address = don't care. 
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Package Drawings 





72-Pin Socket-Mountable SIMM (MC-428000A32BH/FH) 


“Hem  Millineters Item  Miilimeters 
A 107.95 +0.2 . 
B 101.19 + 0.2 
F 1.04 
G 
H 
; 
J 
K 
L 


31.75 
"9.3 
1.57 rad 
3.18 dia 
1.27 
‘3.38 
44.45 
6.36 
95.25 + 0.1 


10.16 
1.27 
6.35 
2.03 
6.35 
2.54 min 
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NEC MC-428000A36 
8,388,608 x 36-Bit 


NEC Electronics Inc. | Dynamic CMOS RAM Module 


Description ' Pin Configuration 


The MC-428000A36 is a fast-page dynamic RAM mod- 72-Pin Socket-Mountable SIMM 
ule organized as 8,388,608 words by 36 bits and de- 
signed to operate from a single +5-volt power supply. 
Advanced CMOS circuitry ensures minimum power 
dissipation and excellent operating margins. 


The three-state output is controlled by CAS indepen- 
dent of RAS. After a valid read or read-modify-write 
cycle, data is held on the output by holding CAS low. 
Data output is returned to high impedance by returning 
CAS high. Fast-page read and write cycles can be 
executed by cycling CAS. Refreshing is accomplished 
by RAS-only refresh cycles, CAS before RAS refresh 
cycles, hidden refresh cycles, or by the 2048 address 
combinations of Ag - Ajo during a 32-ms period. 


Single Inline Memory Module (SIMM™) packaging en- 
hances reliability and reduces the size, weight, and 
cost of a system. Each SIMM contains sixteen 
uPD4217400 DRAMs (4M x 4bit), eight PD424100 


[Pin | Symbot_|] 


DRAMs (4M x 1-bit), and 24 power supply decoupling ae Da1g | 
capacitors for noise reduction. DQo - DQ35 are com- 40 | GAS | T Dd31 
mon input/output pins. 41] CAS. | 
Features fe ee | DQig | 
0 8,388,608-word by 36-bit organization eee 
O Single +5-volt power supply ras| NC | | DOs, | 
O Fast-page cycles | 47| We | 0Q1g 

QO Low power dissipation }as| NC | | NC | 
0 RAS-only refresh cycles | 49 | DQ | [Note 1} | 
0 CAS before RAS refresh cycles | 60 | DQ27_| | (Note 4] _| 
QO Hidden refresh cycles [81] DOr9_| | 69 | [Note 1} | 
QO 2048 refresh cycles every 32 ms ; 2} Beet 20 Bate 
O TTL-compatible inputs and outputs a , 72 | GND | 
0 72-pin SIMM packaging " 


Pin Identification 





Name Function 

Ao - A1o Address inputs 

CASp - CAS3 Column address strobes 

DQg - DQ35 Common data inputs/outputs 

RAS - RAS3 Row address strobes 

WE Write enable 

GND una SIMM is a trademark of Wang Laboratories. 
Voc +5-volt power supply 

NC No connection 


60217 / 
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Connection Diagram 


WE o> 


DO - 015 (uPD4217400) 
\oC °° ‘. 

cc. Sor Gae” | MO-M7 (uPD424100) 
GND o> 
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Ordering Information 





Part Number Access Time (max) Package Height Thickness DRAMs 
MC-428000A36BH-60 60 ns 72-pin socket-mountable 31.75 mm 9.3mm Sixteen uPD4217400LE 
BH-70 70 ns SIMM (solder plating) (1.250 inch) (0.366 inch) Eight uPD424100LA 
BH-80 80 ns 
BH-10 100 ns 
MC-428000A36FH-60 60 ns 72-pin socket-mountable 
FH-70 70 ns SIMM (gold plating) 
FH-80 80 ns 
FH-10 100 ns 
Absolute Maximum Ratings Capacitance 
Voltage on any pinveltveto GND ~~” TOV TAT OSC = 1 Me 
Operating temperature, open t—=—(<“‘—*‘;é‘s*« LO OG Parameter Symbol Max Unit Pins Under Test 
Short-circuit output current, log 50 mA Ce is al WE: 
Power dispation,Pp == Cs 
foe he ae, ee Mea tio a Et Cy 62 pF CAS 
sect dovie reliability; exaeeding the ratinge could cause perme. Puveutput CipICop 29 PF DG) - DOr, DO 
: capacitance DQig, DQ4g - DQo5, 


nent damage. The device should be operated within the limits DOs; G54 


specified under DC and AC Characteristics. 
Cio/Coe 39 pF DQg, DQ47, DQz6, 


DQ 
Recommended Operating Conditions = 
Parameter Symbol Min Typ Max Unit 
Input voltage, high Vin 2.4 Voc + 1.0 V 
Input voltage, low Vit -1.0 0.8 V 
Supply voltage Voc 4.75 5.0 5.25 V 
Ambient temperature Ta 0 70 °C 
DC Characteristics 
Ta = 0 to +70°C; Vog = +5.0V +5% 
Parameter Symbol Min Max Unit Test Conditions 
Standby current loce 48 mA RAS = CAS = Viq (min) 
24 mA RAS = CAS = Voc -0.2V 

Input leakage current ey -240 240 pA Vin = 0V to Voc; 

all other pins not under test = 0 V 
Output leakage current lowy -20 20 yA DQo to DQgs5 disabled; Vout = OV toVoc 
Output voltage, low VoL 0.4 V lo. = 4.2 mA 
Output voltage, high VoH 2.4 V lon = -5 mA 
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AC Characteristics 


Ta = 0 to +70°C; Veg = +5.0V +5% 

















turnoff delay 


-60 -70 -80 -10 
Parameter Symbol Min Max Min Max Min Max Min Max Unit Test Conditions 
Operating current, leet 1420 1260 1140 1020 mA RAS and CAS cycling; 
average tac = tac min; 
lo = 0 mA (Note 5) 

Operating current, loos 1420 1260 1140 1020 mA _ RAS cycling; CAS = Vij; 
RAS- only refresh tro = taco min; 
cycle, average lo = O mA (Note 5) 
Operating current, loca 1060 940 820 700 mA RAS s Vi; CAS cycling; 
fast-page cycle, tpo = tpco min; 
average lo = 0 mA (Note 5) 
Operating current, loos 1420 1260 1140 1020 mA RAS cycling; CAS before 
CAS before RAS RAS; tac = trac min; 
refresh cycle, lo = O mA (Note 5) 
average. 
Access time from tag 35 35. 45 55 ns _—_ (Notes 7, 9) 

., column address 

, Access time from tace 40 40 45 55 ns _—_ (Notes 7, 9) 
CAS precharge 
(rising edge) 
Column address tasc 0 20 0 20 ie) 20 0) 25 ns 
setup time _ 
Row address setup _tasr 0 0 0 0 ns 
time 
Access time from toac 20 20 20 25 ns (Notes 7, 9) 
CAS _ 
(falling edge) 
Column address toaH 15 15 15 20 ns 
hold time 
CAS pulse width toas 20 10,000 20 10,000 20 10,000 25 10,000 ns 
CAS hold time for tour 15 15 15 20 ns 
CAS before RAS 
refresh cycle 
Data setup time toLz 0 0 0 0 ns 
CAS precharge top 10 10 10 10 ns 
time, fast-page 
cycle 
CAS precharge topn 10 10 10 10 ns 
time, nonpage 
cycle 
CAS to RAS torp 10 10 10 10 ns (Note 12) 
precharge time 
CAS hold time tosu 60 70 80 100 ns 
CAS setup time for tospr. 10 10 10 10 ns 
CAS before RAS 
refresh cycle 
Data-in hold time toy 15 15 15 20 ns (Note 15) 
Data-in setup time tos 0 ns (Note 15) 
Output buffer torr 0 15 15 0 20 25 ns (Note 10) 





A 
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AC Characteristics (cont) 








-60 -70 -80 -10 
Parameter Symbol. Min Max . Min Max Min Max Min Max Unit Test Conditions. 
Fast-page cycle tpo 40 45 50 -60 ns (Note 6) 
time 
Access time from trac 60 70 80 100 ns (Notes 7, 8) 
RAS 
RAS to column trap 15 30 15 35 17 40 17 50 ns (Note 9) 
address delay time 
Row address hold tRAH 10 10 12 12 ns 
time 
Column address. tRAL _ 80 35 45 50 ns 
lead time 
referenced to RAS 
(rising edge) . 
RAS pulse width tras - 60 10,000 70 10,000 80 10,000 100 10,000 ns 
RAS pulse width, trasp 60 125,000 70 = 125,000 80 125,000 100 125,000 ns 
fast-page cycle 
Random read or tao 120 130 160 190 ns (Note 6) 
write cycle time 
RAS to CAS delay trop 20 40 20 60 25 60 25 75 ns (Note 11) 
time 
Read command tRoH O- 0 0 0 ns (Note 13) 
hold time 
referenced to CAS 
Read command tacos 0 0 0 0 “ns 
setup time . fr 
Refresh period trEF | 32 32 32 32 ms Addresses Ag - Ayo 
RAS hold time tRHcp 35 40 45 55 ns 
from CAS 
precharge 
RAS precharge trp 50 60 70 80 ns 
time 
RAS precharge trpc 10 10 10 10 ns 
CAS hold time 
Read command taRH 0 0 0 0 ns (Note 13) 
hold time 
referenced to RAS 
RAS hold time trasy 20 20 20 25 ns 
Rise and fall tr 3 50 3 50 3 50 3 50 ns (Note 3) 
transition time 
Write command twoH 15 15 15 20 ns 
hold time 
Write command twes 0 0 0 0 ns (Note 16) 
setup time 
WE hold time tWHR 15 15 . 15 20 ns 
WE setup time twsR 10 ; 10 10 10 ns 
Write command twp 15 15 15 20 ns _ (Note 14) 
pulse width 
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AC Characteristics (cont) 


Notes: 


(1) 
(2) 


(3) 
(4) 


65) 


(6) 


(8) 


(9) 
(10) 


All voltages are referenced to GND. 


An initial pause of 100 ys is required after power-up, followed by 
any eight RAS cycles, before proper device operation is 
achieved. At the end of the initial power-up sequence, it is 
recommended that either a RAS-only refresh or a CAS before 
RAS refresh cycle be executed while WE = Vj; to ensure normal 
operation. 


Ac measurements assume ty = Sns. 


Vi (min) and Vi, (max) are reference levels for measuring the 
timing of input signals. Transition times are measured between 
Vin and Vi,. 


loc1, loos, loca, and Ilocgs5 depend on output loading and cycle 
rates. Specified values are obtained with the output open. Iogg 
is measured assuming that all column address inputs are held at 
either a high level or a low level during RAS-only refresh cycles. 
loca is measured assuming that all column address inputs are 
switched only once during each fast-page cycle. 


The minimum specifications are used only to indicate the cycle 
time at which proper operation over the full temperature range 
(fa = Oto +70°C) is assured. 


Load = 2 TTL (-1 mA, +4 mA) loads and 100 pF 


Assumes that tacp = tacp (max) and trap = trap (max). If 
tacp or trap is greater than the maximum recommended value 
in this table, tpac increases by the amount that tacp or trap 
exceeds the value shown. 


If trap 2 trap (max), then the access time is defined by ta. 


torr (max) defines the time at which the output achieves the 
open-circuit condition and is not referenced to Voy or Vor. 


(11) 


(12) 


Operation within the tacp (max) limit assures that trac (max) 
can be met. trcp (max) is specified as a reference point only; if 
trop is greater than tacp (max), then access time is controlled 
exclusively by tcac. 


The torp requirement should be applicable for RAS/CAS cycles 
preceded by any cycle. 


(13) Either tany or tac must be satisfied for a read cycle. 


(14) Parameter twp is applicable for a delayed write cycle such as a 


(15) 


(16) 


read-write/read-modify-write cycle. For early write operation, 
both twos and twox must be met. 


These parameters are referenced to the falling edge of CAS for 
early write cycles and to the falling edge of WE for delayed write 
or read-modify-write cycles. 


twcos: tawp, tcwp and tawp are restrictive operating parame- 
ters in read-write/read-modify-write cycles only. Iftwos = twos 
(min), the cycle is an early write cycle and the data output will 
remain open-circuit throughout the entire cycle. Iftewp = towp 
(min), tawp 2 tawp (min), and tawp = tawp (min), the. cycle is 
a read-write cycle and the data output will contain data read 
from the selected cell. If neither of the above conditions is met, 
the condition of the data output pin (at access time and until 
CAS returns to Vj;)) is indeterminate. 


(17) A test mode may be initiated by executing a CAS before RAS 


refresh cycle with WE held at Vj_. This mode also may inadvert- 
ently be initiated during power-up because external control of 
the signal lines is very difficult during this period. It is therefore 
recommended that while WE is held at Vj}, either a RAS-only or 
CAS before RAS refresh cycle should be executed at any time 





‘after the end of the initial power-up sequence to ensure normal 


device operation. 
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Timing Waveforms 


Read Cycle 








MC-428000A36 


Timing Waveforms (cont) 


Early Write Cycle 
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Timing Waveforms (cont) 


Fast-Page Read Cycle 
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Timing Waveforms (cont) 


Fast-Page Early Write Cycle 
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Timing Waveforms (cont) 


Hidden Refresh Cycle 
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Timing Waveforms (cont) 


RAS-Only Refresh Cycle 
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Package Drawings 


72-Pin Socket-Mountable SIMM (MC-428000A36BH/FH) 


Item 
A 
B 
F 
G 
H 
t 
J 
K 
L 


Millimeters 
107.95 + 0.2 
101.19 + 0.2 
1.04 
10.16 
1.27 
6.35 
2.03 
6.35 
2.54 min 


Inches 
4.250 + .008 
3.984 + .008 
041 
-400 
.050 
250 
080 
250 


pPD4217400LE 


400-mil SOJ 


Item _ Millimeters 


X/Si<iclalojviziz 


31.75 
9.3 

1.57 rad 
3.17 dla 
1.27 
3.38 
44.45 
6.36 


p»PD424100LA 
300-mil SOU 
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Video RAMs BP. 





Video RAMs 





Section 12 

Video RAMs 

(See App Notes 89-15, 89-16, 90-01.) 

uPD Organization Features 

41264 64K x 4 Page; NMOS 12a 
42264 64K x 4 Page; CMOS 12b 
42273 256K x 4 12c 
42274 256K x 4 Flash-write 12d 
42274-80 256K x 4 Flash-write; high-performance 12e 
42275 128K x 8 12f 
482234 256K x 8 Fast-page 12g 
482235 256K x 8 Hyper-page (extended data out) 


Upcoming Products 
Description Device Number Comments 


4M Video RAM uPD482445 256K x 16; RAM port access times to 60 ns; serial port 
access times to 15 ns; 64-pin SSOP, 70-pin TSOP 


NEC 


NEC Electronics Inc. 


Description 


The pPD41264 is a dual-port graphics buffer equipped 
with a 64K x 4-bit random access port and a 256 x 4-bit 
serial read port. The serial read port is connected to an 
internal 1024-bit data register through a 256 x 4-bit 
serial read output circuit. The random access port is 
used by the host CPU to read or write data addressed in 
any desired order and has a write-per-bit option that 
allows each of the four data bits to be individually 
selected or masked for a write cycle. 


The uPD41264 features fully asynchronous dual ac- 
cess, except when transferring stored graphics data 
from a selected row of the storage array to the data 
register. During a datatransfer, the random access port 
requires a special timing cycle using a transfer clock, 
while the serial read port continues to operate nor- 
mally. Following the clock transition of a data transfer, 
serial read output data changes from an old line to a 
new line and the starting location on the new line is 
addressable in the data transfer cycle. 


The uPD41264 is fabricated with a double polylayer, 
N-channel, silicon gate process that provides high 
storage cell density, high performance, and high reli- 
ability. Refreshing is accomplished by means of RAS- 
only refresh cycles or by normal read or write cycles on 
the 256 address combinations of Ag through A7 during 
a 4-ms period. Automatic internal refreshing, by means 
of either hidden refreshing or the CAS before RAS 
timing and on-chip refresh circuitry, is also available. 
The transfer of a row of data from the storage array to 
the data register also refreshes that row automatically. 


All inputs and outputs, including clocks, are TTL- 
compatible. All address and data-in signals are latched 
on-chip to simplify system design. Data-out is un- 
latched to allow greater system flexibility. The 
EPD41264 is available in a 24-pin plastic DIP, or 24-pin 
plastic ZIP, and is guaranteed for operation at 0 to 
+70°C. 


60133 


pyPD41264 
Dual-Port Graphics Buffer 


Features 


Oo 


bBoaoaoana dn 


Three functional blocks 

— 64K x 4-bit random access storage array 

— 1024-bit data register 

— 256 x 4-bit serial read output circuit 

Two data ports: random access and serial read 

Dual-port accessibility except during data transfer 

Addressable start of serial read operation 

Real-time data transfer 

Single +5-volt + 10% power supply 

On-chip substrate bias generator 

Random access port __ a 

— Two main clocks: RAS and CAS 

— Multiplexed address inputs 

— Direct connection of I/O and address lines ~ 
allowed by OE to simplify system design 

— Refresh interval: 256 cycles/4 ms 

— Read, early write, late write, read-write/read- 
modify-write, RAS-only refresh, and page mode 
capabilities 


- — Automatic internal refreshing by means of the 


oO 


CAS before RAS on-chip address counter 

— Hidden refreshing by means of CAS-controlled 
output 

— Write-per-bit capability 

— Write bit selection multiplexed on 109-103 

RAS-activated data transfer 

— Same cycle time as for random access 

— Row data transferred to data register as 
specified by row address inputs 

— Starting location of following serial read 
operation specified by column address inputs 

— Transfer of 1024 bits of data on one row to the 
data register, and the starting location of the 
serial read circuit, activated by a low-to-high 
transition of DT 

— Data transfer during real-time operation or 
standby of serial port 

Fast serial read operation by means of SC pins 

— Serial data presented on SQo-SOz 

—— Direct connection of multiple serial outputs for 
extension of data length 

Fully TTL-compatible inputs, outputs, and clocks 

Three-state outputs for random and serial access 

24-pin plastic DIP and 24-pin plastic ZIP packaging 


yPD41264 
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Pin Configurations 


24-Pin Plastic DIP and SOJ 


2007 wa/l03 
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Ordering Information 


Part Number 

uPD41264C-12 
C-15 

uPD41264V-12 
V-15 


Row Access Serial Access 


Time (max) Time (max) Package 
120 ns 40 ns 24-pin 
150 ns Sona plastic DIP 
120 ns 40 ns 24-pin 
150 ns 60 ns plastic ZIP 


Pin identification 


Symbol! 
Ao - A7 
CAS 
DOE 
RAS 

sc 

$Op - S03 
SOE 
Wo/lOo - Wa/lO3 
GND 
WB/WE 
Vec 


Function 

Address inputs 

Column address strobe 
Data transfer/output enable 
Row address strobe 

Serial control 

Serial read outputs 

Serial output enable 
Write-per-bit inputs/data inputs and outputs 
Ground 

Write-per-bit/write enable 


+5-volt power supply 


N: E C pPD41264 


Recommended Operating Conditions Capacitance 

Parameter = ~=~<Symbol~=oMin | =Typ Max Unit Ta = Oto +70°C; Voo = +5.0 V 10%; f = 1 MHz 

Supply voltage s=(“‘wN!S!:*(‘ aK“ SCOOCOCSSSCS«S Parameter Symbol Max Unit Pins Under Test 
Inputvoltage, high isVyyssi(<‘é lwts*~*”!”!”!”!”!C«CSCCUF Input capacitance Cia) 5 pF Ag-A;z 

Input voltage, low (iC Cyowor) 8 PF DOE 
Operating lampereture | SC*SCS:*~<CS*~<~SOSC Cwaiwe) 8 pF WEMWE 
Se Oe ee C\(RAS) 8 pF RAS 
Absolute Maximum Ratings UCAS) Fo OS 

Voltage on any pin except Vcc relative to GND, -1.0to +7.0V CuSOE) z Be OF 

Vat Cisco) 8 pF SC 

Voltage on Vcc relative to GND, Vas -10Vto+7.0V Input/output Croqwylo) 7 pF = Wo/IOo - W3/IOg 
Operating temperature, Topp Oto +70°C Gapecl ines 

Storage temperature, TsTq - 55 to + 125°C SUNDER Agt ANOS = SCO) 0 2 Ph 0 as 
Short-circuit output current, log 50 mA 

Power dissipation, Pp 1.5W 


Exposure to Absolute Maximum Ratings for extended periods may 
affect device reliability; exceeding the ratings could cause perma- 
nent damage. The device should be operated within the limits 
specified under DC and AC Characteristics. 
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Device Operation 


The uPD41264 has a random access port and a serial 
read port. The random access port executes standard 
read/write cycles as well as data transfer cycles, all of 
which are based on conventional RAS/CAS timing. Ina 
data transfer, data in each storage cell onthe selected 
row is transferred simultaneously through a transfer 
gate to the corresponding register location. The serial 
read port shows the contents of the data register in 
serial order. The random access and Serial read ports 
can operate asynchronously, except when the transfer 
gate is turned on during the data transfer period. 


Addressing 


The storage array is a 256-row by 1024-column matrix. 
Each of 4 data bits in the random access port corre- 
sponds to 65,536 storage cells, and 16 address bits are 
required to decode one cell location. Eight row address 
bits are set up on pins Ap through Az and latched onto 
the chip by RAS. Eight column address bits then are set 
up on pins Ao through Az and latched onto the chip by 
CAS. All addresses must_be stable, on or before the 
falling edges of RAS and CAS. 


RAS is similar to a chip enable signal; whenever it is 
activated, 1024 cells on the selected row are sensed 
simultaneously and the sense amplifiers automatically 
restore the data. CAS is a chip selection signal that 
activates the column decoder and input/output buff- 
ers. 


Through 1 of 256 column decoders, 4 storage cells on 
a row are connected to 4 data buses, respectively. Ina 
data transfer cycle, 8 row address bits are used to 
select 1 of the 256 possible rows involved in the transfer 
of data to the data register. Eight column address bits 
are then used to select the 1 of 256 possible serial 
decoders that corresponds to the starting location of 
the next serial read cycle. In the serial read port, when 
SC is activated, 4 data bits in the 1024-bit data register 
are transferred to 4 serial data buses and read out. 
Activating SC repeatedly causes a serial read cycle 
(starting from the location specified in the data trans- 
fer) to be executed within the 1024 bits in the data 
register. 
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Random Access Port 


An operation in the random access port begins with a 
negative transition of RAS. Both RAS and CAS have 
minimum pulse widths, as specified in the timing table, 
which must be maintained for proper device operation 
and data integrity. Once begun, a cycle must meet all 
specifications, including minimum cycle time. To re- 
duce the number of pins, the following functions are 
multi-plexed in the random access port: 


e DI/OE 

e WBME 

@ W/IO; (i = 0, 1, 2, 3) 

The OE, WE and IO; functions represent standard oper- 
ations while DT, WB, and W; are special inputs to be 
applied in the same way as row address inputs, with 
setup and hold times referenced to the negative tran- 
sition of RAS. The DT level determines whether a cycle 


is a random access operation or a data transfer oper- 
ation. WB affects only write cycles and determines 


whether or not the write-per-bit option is used. Wj 


defines data bits to be written with the write-per-bit 
capability. In the following discussions, these multi- 
plexed pins are designated as DT(/OE), for example, 
depending on the function being described. 


To use the uPD41264 for random access, DT(/OE) must 
be high as RAS falls. Holding DT(/OE) high disconnects 
the 1024-bit data register from the corresponding 1024- 
digit lines of the storage array. Conversely, to execute 
a data transfer, DT(/OE) must be low as RAS falls to 
open the 1024 data transfer gates and transfer data 
from one of the rows to the data register. 


Read Cycle. A read cycle is executed by activating 
RAS, CAS, and OE and maintaining (WB/)WE high while 
CAS is active. The (W,)IO; data pin (i = 0, 1, 2, 3) 
remains in high impedance until valid data appears at 
the output at access time. Device access time, tacc, is 
the longest of the following three calculated intervals: 


® trac 
e RAS to CAS delay (tacp) + tcac 
@ RAS to OE delay + toga 
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Access times from RAS (trac), from CAS {tcac), and 
from OE OE (toga) are device parameters. The RAS to CAS 
and RAS to OE delays are system-dependent timing 
parameters. 


Output becomes valid after the access time has 
elapsed and it remains valid while both CAS and OE are 
low. CAS or OE high returns the output to high imped- 
ance, 


Write Cycle. A write cycle is executed by bringing 
(WB/))WE_low low during the RAS/CAS cycle. The falling 
edge of CAS or (WB/)WE strobes the data on (Wj)IO; 
into the on-chip data latch. To make use of the write- 
per-bit capability, WB(/WE) must be low as RAS falls. In 
this case, data bits targeted for write operation can be 
specified by keeping W,(/IO}) high, with setup and hold 
times referenced to the negative transition of RAS. 


For those data bits of W,(/lO}) that are kept low as RAS 

falls, write operation is inhibited on the chip. If WB(/WE) 

is high as RAS falls, the write-per-bit option is not used 
_and a write cycle is executed for all four data bits. 


_ Early Write Cycle. An early write cycle is executed by 
bringing (WB/)WE low before CAS. Data is strobed by 
CAS, with setup and hold times referenced to this 
signal, and the output remains in high impedance for 
the entire cycle. As RAS falls, (DT)OE must meet the 
setup and hold times of a high DT, but otherwise 
(DT) OE does not affect any circuit operation while CAS 
is active. 


Read-Write/Read-Modify-Write Cycle. Bringing the 
(WB/)WE signal low with RAS and CAS low executes 
this cycle. (W,)IO; shows read data at access time. 
Afterward, in preparation for the upcoming write cycle, 
(W,)IO; is returned to high impedance by a high (DT/) 
OE. The data to be written is strobed by (WB/)WE, with 
setup and hold times referenced to this signal. 


Late Write Cycle. This cycle shows the timing flexibility 
of (DT)OE, which can be activated just after (WB/)WE 
falls, even when (WB/)WE is brought low after CAS. 


Refresh Cycle. A cycle at each of the 256 row ad- 
dresses (Ay through Az) will refresh all storage cells. 
Any cycle in the random access port (i.e., read, write, 
refresh, or data transfer) refreshes the 1024 bits se- 
lected by the RAS addresses or by the on-chip refresh 
address counter. 
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RAS-only Refresh Cycle. A cycle having only RAS 
active refreshes one row of the storage array. A high 
CAS is maintained while RAS is active to keep (W,/)IO; in 
a state of high impedance. This cycle is preferred for 
refreshing, especially when the host system consists of 
multiple rows of random access devices. The data 
outputs may be OR-tied with no bus contention when 
RAS-only refresh cycles are executed. 


CAS Before RAS Refresh Cycle. This cycle executes 
internal refreshing using the on-chip control circuitry. 
Whenever CAS is low as RAS falls, this circuitry auto- 
matically refreshes the row addresses specified by the 
internal address counter. In this cycle, the circuit oper- 
ation based on CAS is maintained in a reset state. 
When internal refreshing is complete, the address 
counter automatically increments in preparation for 
the next CAS before RAS cycle. 


Hidden Refresh Cycle. This function performs hidden 
refreshing after a read cycle, without disturbing the 
read data output. Once valid, the data output is con- 
trolled by CAS and OE. After the read cycle, CAS is held 
low while RAS goes high for precharging. A RAS-only 
cycle is then executed (except that CAS is held low 
instead of high) and the data output_remains valid. 
Since hidden refreshing is the same as CAS before RAS 
refreshing, the data output remains valid during either 
operation. 


Fast-Page Cycle.This feature allows faster data access 
by keeping the same row address while successive 
column addresses are strobed onto the chip. By main- 
taining RAS low while successive CAS cycles are exe- 
cuted, data is transferred at a faster rate because RAS 
addresses are maintained internally and do not have to 
be reapplied. During this operation, it is also possible 
to execute read, write and read-write/read-modify-write 
cycles. Additionally, the write-per-bit control specified 
in the entry write cycle is maintained through the 
following fast-page write cycle. 
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Data Transfer Cycle. A data transfer cycle is executed 
by bringing DT(/OE) low as RAS falls. The specified 1 of 
the possible 256 rows invoived in the data transfer, 
aswell as the starting location of the following serial 
read cycle in the serial read port, are defined by 
address inputs. DT(/OE) must be low for a specified 
time, measured from RAS and CAS, so that the data 
transfer condition may be satisfied . The low-to-high 
transition of DT causes two transfer operations 
through the data transfer gates: column address buffer 
outputs are transferred to the serial address counters, 
and storage cell data amplified on digit lines is trans- 
ferred to the data register. At least one SC cycle is 
required to hold the data in the register. Otherwise, the 
beginning of the next transfer cycle destroys the newly 
transferred data. RAS and CAS must be low during 
these operations to keep the transferred data in the 
random access port. 


Serial Read Port 


The serial read port is used only to read serially the 
contents of the data register starting from a specified 
location. The entire operation, therefore, follows a data 


DC Characteristics 
Ta = Oto +70°C; Voc = 5.0 V £10% 
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transfer cycle. Data stored in the serial register remains 
valid for a minimum of 4 ms after the transfer cycle. The 
only condition under which the serial read port must 
synchronize with the random access port is when the 
positive transition of DT(/OE) must occur within a 
specified period in an SC cycle. Except for this SC 
cycle, the serial read port can operate asynchronously 
with the random access port. The output data appears 
at SO; after an access time of tsca, measured from SC 
high, only when SOE is maintained low. The SC cycle 
that includes the positive transition of DT(/OE) shows 
old data in the data register; subsequent SC cycles 
show new data transferred to the data register serially 
and in alooped manner. The serial output is maintained 
until the next SC signal is activated. SOE controls the 
impedance of the serial output to allow multiplexing of 
more than one bank of uPD41264 graphics buffers into 
the same external circuitry. When SOE is low, SO; is 
enabled and the proper data is read. When SOE is at a 
high logic level, SO; is disabled and in a state of high 
impedance. 


Parameter Symbol Min Typ Max Unit Test Conditions 

Input leakage current hie -10 10 HA Vin = 0 to 5.5 V; all other pins not under test = OV 
Output leakage current lo ~10 10 HA Dour (10;, SO) disabled; Voyt = Oto 5.5 V 
Random access port output voltage, high == Voryr) 2.4 Vv lon(Ry = —2 mA 

Random access port output voltage, low = Voc) 0.4 Vv lov(ny = 4.2 mA 

Serial read port output voltage, high VonH(s) 2.4 Vv lon(s) = —2 mA 

Serial read port output voltage, low Vous) 0.4 Vv lots) = 4.2 mA 
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Power Supply Current 
Ta = Oto +70°C; Vog = +5.0 V 10% 














-12 -15 
Random Access Port Serial Read Port Symbol Max Max Unit Test Conditions 
Read/write cycle Standby loci 95 85 mA — RAS and CAS cycling; tao = tao min; 
lO = O mA; SC = SOE = Vjy (Note 1) 
Standby Standby loco 12 12 mA RAS = Vy; Dout = high impedance; 
: SC = SOE = Vin 
RAS-only refresh cycle Standby - loc3 75 65 mA RAS cycling; CAS = Vin; tac = taco min; 
SC = SOE = Viy 
Page cycle Standby -. loca 65 55 mA RAS = Vi; CAS cycling; tpc = tpc min; 
S$C.= SOE = Vip (Note 1) 
CAS before RAS refresh cycle Standby loos 75 65 mA CAS low as RAS falls; tag = tao min; 
SC = SOE = Vj (Note 1) 
Data transfer Standby loce 120 100 mA DT low as RAS falls; tao = tac min; 
SC = SOE = Vin 
Read/write cycle Active loc7 155 130 mA RAS and CAS cycling; tre = tac min; 
SOE = Vj; SC cycling; tscc = tsco min 
(Note 1) 
Standby Active locs 60 45 mA RAS = Vin; Dout = high impedance; 
SOE = Vit; SC cycling; tgo¢ = tgcc min 
(Note 1) 
* RAS-only refresh cycle Active locg 135 110 mA RAS cycling; CAS = Vin; tag = tao min; 
SOE = Vj,; SC cycling; tgc¢ = tscco min 
(Note 1) . 
Page cycle Active locio 125 100 mA RAS = Vj; CAS cycling; tpc = tpc min; 
SOE = Vj; SC cycling; tsc¢ = tsco min 
(Note 1) 
CAS before RAS refresh cycle — Active loot 135 110 mA CAS low as RAS falls; tag = tac min; 
SOE = Vj,; SC cycling; tsco = tscc min 
(Note 1) 
Data transfer Active loci2 180 145 mA DT low as RAS falls; tae = taco min; 
SOE = Vii; SC cycling; tg¢¢ = tgoo min 
(Note 1) 
Notes: 
(1) No load on lO; or SOj. Except for loca, loc, and loc, real values 
depend on output loading and cycle rates. 
AC Characteristics 
Ta = Oto +70°C; Vog = +5.0 V410% 
pPD41264-12 pPD41264-15 
Parameter Symbol Min Max Min Max Unit Test Conditions 
Column address hold time after RAS low taR 80 100 ns 
Column address setup time tasc 0 0 ns 
Row address setup time tase 0 0 ns 
Access time from CAS toac 60 75 ns (Notes 2, 5) 
Column address hold time tcaH 20 25 ns 
CAS pulse width tcas 60 10,000 75 10,000 ns 
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AC Characteristics (cont) 


Parameter 

DT low hold time after RAS low 

CAS before RAS refresh hold time 
CAS precharge time (page cycle only) 
CAS precharge time (nonpage cycle) 
CAS high to RAS low precharge time 
CAS hold time 

CAS before RAS refresh setup time 
CAS to WE delay 

Write command to CAS lead time 
Data-in hold time 

DT high hold time 

Data-in hold time after RAS low 

DT high setup time 

DT low setup time 

Data-in setup time 

DT high to GAS high delay 

DT high hold time after RAS high 
DT high to RAS high delay 

GE pulse width 

Access time from OE 

OE to data-in setup delay 

OE hold time after WE low - 

GE to RAS inactive setup time 
Output disable time from OE high 
Output disable time from CAS high 
Page cycle time 

Access time from RAS 

Row address hold time 

RAS pulse width 

Random read or write cycle time 
RAS to CAS delay time 

Read command hold time after CAS high 
Read command setup time 


DT low hold time after RAS low 
(serial port active) 


Refresh interval 

RAS precharge time 

RAS high to CAS low precharge time 
Read command hold after RAS high 
RAS hold time 


Symbol 
tcDH 
tcHR 
tcp 
tcPN 
tcrp 
tosH 
tosr 
tcowp 
towL 
tDH 
tDHH 
tpHR 
tbHs 
toLs 
tos 
toto 
toTH 
toTR 
toe 
toEA 
toED 
toEH 
toes 
toEz 
torF 
tec 
tRAc 
tRAH 
tras 
tac 
trep 
taCH 
tacs 
tRDH 


tREF 
tap 

tape 
tRRH 
tRSH 


Min 
40 
25 
50 
25 
10 
120 
10 
100 
40 
35 


95 


10 
20 
10 
35 


35 


10 


120 


15 


120 


220 
25 


100 


90 


20 
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Max 


30 


30 
30 


120 


10,000 


60 


Min 
55 
30 
60 
30 
10 
150 
10 
120 
45 
45 
25 
120 


10 
25 
10 
40 


40 


40 


10 


145 


20 


150 


270 
30 


130 


100 


20 
75 
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Max 


40 


40 
40 


150 


10,000 


75 


Unit 


ns 


ns 


ns 


ns 


ns 


ns 


ns 


ns 


ns 


ns 


ns 


ns 


ns 


ns 


ns 


ns 


ns 


ns 


ns 


ns 


ns 


ns 


ns 


ns 


ns 


ns 


ne 


ns 


ns 


ns 


ns 


ns 


ns 


ns 


ms 


ns 


ns 


ns 


ns 
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Test Conditions 


(Note 12) 


(Note 10) 


(Note 11) 


(Note 11) 


(Note 2) 


(Note 6) 
(Note 6) 


(Notes 2, 4) 


(Note 4) 
(Note 9) 


(Note 9) 
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AC Characteristics (cont) 
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Parameter Symbol Min Max Min Max Unit Test Conditions 
Read-write/read-modify-write cycle time tawe 300 355 ns 

RAS to WE delay tawo 160 195 ns (Note 10) kee 
Write command to RAS lead time tawL 40 45 ns 

SC pulse width tgou 10 20 ns 

Serial output access time from SC tsca 40 60 ns (Notes 2, 7) 
Serial clock cycle time tscoc 40 50,000 60 50,000 ns 

SC precharge time tgoL 10 20 ns 

SC high to DT high delay tspp 10 20 ns 

SC low hold time after DT high tspH 10 20 ns 

Serial output access time from SOE tsoa 35 50 ns 

SOE pulse width tgoE 15 20 ns 

Serial output hold time after SC high tsou , 10 10 ns 

SOE low to serial output setup delay tsoo 5 5 ns 

SOE precharge time tsop 15 20 ns 

Serial output disable time from SOE high tgo7z ce) 30 0 40 ns (Note 6) 
Rise and fall transition time tr 3 50 3 50 ns 

Write-per-bit hold time tweH 20 25 ns 

Write-per-bit setup time , twes ) ) ns 

Write command hold time twou 35 45 ns 

Write command hold time after RAS low twor 95 120 ns 

Write command setup time twos 0 0 ns (Note 10) 
Write bit selection hold time twH 20 25 ns 

Write command pulse width twp 35 45 ns 

Write bit selection setup time tws 0 0 ns 

Notes: 


(1) See input/output timing waveforms for timing reference volt- (9) Either tary or tao} must be satisfied for a read cycle. 


ages. (10) twos, tewp, and tawp are restrictive operating parameters in 


(2) 
(3) 


(4) 


See figures 1 and 2 for output loads. 


An initial pause of 100 ys is required after power-up, followed by 
any eight RAS cycles (except CAS-before-RAS cycles), before 
proper device operation is achieved. 


Operation within the tacp (max) limit ensures that tpac (max) 
can be met. The taep (max) limit is specified as a reference point 
only. If taop is greater than the specified taop (max) limit, access 


read-write and read-modify-write cycles only. If twos = twos 
(min), the cycle is an early write cycle and the data output will 
remain open-circuit throughout the entire cycle. If towp = towp 
(min) and tawp = tawp (min), the cycle is a read-write cycle and 
the data output will contain data read from the selected cell. If 
neither of the above conditions is met, the condition of the data 
output (at access time and until CAS returns to V}}) is indeter- 
minate. 


time is controlled exclusively by toac. (11) These parameters are referenced to the falling edge of CAS in 


early write cycles and to the falling edge of (WB/)WE in delayed 
write or read-modify-write cycles. 


(5) Assumes that tpcp 2 tacp (max). 


(6) An output disable time defines the time at which the output 
achieves the open-circuit condition and is not referenced to 
output voltage levels. 


(12) Use tapy and topy when the serial port is active and tapHi, 
trsp, tesp and tsgc if it is in standby. 


(13) SOE may be tied to GND if the output enable function of the 
serial port is not needed. 


(7) Data in the serial output register remains valid for 4 ms (min) 
after a data transfer cycle. 


(8) Vin (min) and Vi, (min) are reference levels for measuring the 
timing of input signals. Additionally, transition times are mea- 
sured between Vjy and Vj,. 
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Figure?. Input Timing 
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Figure 3. Output Loading in Random Access Port 
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Figure 4. Output Loading in Serial Read Port 
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Timing Waveforms 


Read Cycle 
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High Impedance 
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Timing Waveforms (cont) 


Early Write Cycle 


Address 
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Timing Waveforms (cont) 


Late Write Cycle 
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Timing Waveforms (cont) 


Read-Write/Read-Modify-Write Cycle 
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Timing Waveforms (cont) 


RAS-Only Refresh Cycle 
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CAS Before RAS Refresh Cycle 


High impedance 
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Timing Waveforms (cont) 


Hidden Refresh Cycle 
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Timing Waveforms (cont) 





Page Read Cycle 
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Timing Waveforms (cont) 
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Timing Waveforms (cont) 
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Timing Waveforms (cont) 


Page Read-Modify-Write Cycle 
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Timing Waveforms (cont) 


Data Transfer Cycle (Serial Port in Standby) 
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Timing Waveforms (cont) 


Data Transfer Cycle (Serial Port Active) 


Address 
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Timing Waveforms (cont) 


Serial Read Cycle 
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Description 


The »PD42264 is a dual-port graphics buffer equipped 
with a 64K x 4-bit random access port and a 256 x 4-bit 
serial read port. The serial read port is connected to an 
internal 1024-bit data register through a 256 x 4-bit serial 
read output circuit. The random access port is used by 
the host CPU to read or write data addressed in any 
desired order and has a write-per-bit option that allows 
each of the four data bits to be individually selected or 
masked for a write cycle. 


The #PD42264 features fully asynchronous dual access, 
except when transferring stored graphics data from a 
selected row of the storage array to the data register. 
During a data transfer, the random access port requires 
a special timing cycle using a transfer clock, while the 
serial read port continues to operate normally. Following 
the clock transition of a data transfer, serial read output 
data changes from an old line to a new line and the 
starting location on the new line is addressable in the 
data transfer cycle. 


The pPD42264 is fabricated with CMOS technology that 
provides high storage cell density, high performance, 
and high reliability. Refreshing is accomplished by 
means of RAS-only refresh cycles or by normal read or 
write cycles on the 256 address combinations of Ao 
through A7 during a 4-ms period. Automatic internal 
refreshing, by means of either hidden refreshing or the 
CAS before RAS timing and on-chip internal refresh 
circuitry, is also available. The transfer of a row of data 
from the storage array to the data register also refreshes 
that row automatically. 


All inputs and outputs, including clocks, are TTL- 
compatible. All address and data-in signals are latched 
on-chip to simplify system design. Data-out is unlatched 
to allow greater system flexibility. The »PD42264 is 
available in a 24-pin plastic DIP, 24-pin plastic SOJ, and 
24-pin plastic ZIP, and is guaranteed for operation at 0 to 
+70°C. 


Ordering Information 


Row Access _ Serial Access 
Part Number Time (max) Time (max) Package 


wPD42264C-10 100 ns 25 ns 24-pin plastic DIP 
pPD42264LA-10 100 ns 25 ns 24-pin plastic SOJ 
pPD42264V-10 100 ns 25 ns 24-pin plastic ZIP 
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Dual-Port Graphics Buffer 


Features 


Oo 


nDooodacogan Dd 


B 


Three functional blocks 

— 64K x 4-bit random access storage array 

— 1024-bit data register 

— 256 x 4-bit serial read output circuit 

Two data ports: random access and serial read 

Dual-port accessibility except during data transfer 

Addressable start of serial read operation 

Real-time data transfer 

Single +5-volt + 10% power supply 

On-chip substrate bias generator 

Random access port ee 

— Two main clocks: RAS and CAS 

— Multiplexed address inputs 

— Direct connection of I/O and address lines 
allowed by OE to simplify system design 

— Refresh interval: 256 cycles/4 ms 

— Read, early write, late write, read-write/read- 
modify-write, RAS-only refresh, and page mode 
capabilities 

— Automatic internal refreshing by means of the 
CAS before RAS on-chip address counter 

— Hidden refreshing by means of CAS-controlled 
output 

— Write-per-bit capability 

— Write bit selection multiplexed on 109-IO3 

RAS-activated data transfer 

— Same cycle time as for random access 

— Row data transferred to data register as specified 
by row address inputs 

— Starting location of following serial read 
operation specified by column address inputs 

— Transfer of 1024 bits of data on one row to the 
data register, and the starting location of the 
serial read circuit, activated by a low-to-high 
transition of DT 

— Data transfer during real-time operation or 
standby of serial port 

Fast serial read operation by means of SC pins 

— Serial data presented on SO9-SO3 

— Direct connection of multiple serial outputs for 
extension of data length 

Fully TTL-compatible inputs, outputs, and clocks 

Three-state outputs for random and serial access 

24-pin plastic DIP, 24-pin plastic SOU, and 24-pin 

plastic ZIP packaging 
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Pin Configurations 


24-Pin Plastic DIP and SOJ 


2079 wa/l03 
191 Wo/lOo 
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Pin Identification 





Symbol Function 

Ao - Az Address inputs 

CAS Column address strobe 
DI/OE Data transfer/output enable 
RAS Row address strobe 

Sc Serial control 

SOo - SOg Serial read outputs 

SOE Serial output enable 
Wo/lO9 - W3/lO3 Write-per-bit inputs/data inputs and outputs 
GND Ground 

WB/WE Write-per-bit/write enable 
Voc +5-volt 10% power supply 





Lv) 


Absolute Maximum Ratings 


Voltage on any pin except Vcc relative to GND, -—1.0to +7.0V 
Vat 

Voltage on Vcc relative to GND, Vpo -1.0Vto +7.0V 
Operating temperature, Topr Oto +70°C 
Storage temperature, Tstg - 55 to +125°C 
Short-circuit output current, log 50 mA 


Exposure to Absolute Maximum Ratings for extended periods may 
affect device reliability; exceeding the ratings could cause permanent 
damage. The device should be operated within the limits specified 
under DC and AC Characteristics. 


Capacitance 
Ta = Oto +70°C; Voc = +5.0 V.+10%; f = 1 MHz 


Parameter Symbol Max Unit Pins Under Test 
Input capacitance Cia) 5 pF Ag-A7 

Ci(OT/OE) 8 pF DI/OE 

Cywejwe) 8 pF WB/WE 

Ci(RAS) 8 pF RAS 

C\GAs) 8 pF CAS 

C\S0B) 8 pF SOE 

Cisc) 8 pF Sc 
Input/output capacitance Cig¢wyio) 7 PF Wo/l0o - Wa/IOg 
Output capacitance Co (so) 7 pF SO9-SO3 


Recommended Operating Conditions 


Parameter Symbol Min Typ Max Unit 
Supply voltage Voc 45 5.0 5.5 Vv 
Input voltage, high Vin 2.4 5.5 Vv 
Input voltage, low Vit -1.0 0.8 Vv 
Operating temperature Ta 0 70 °C 
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Block Diagram 
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[1] T.G. = timing generator 


DEVICE OPERATION 


The »PD42264 consists of a random access port and a 
serial read port. The random access port executes 
standard read and write cycles as well as data transfer 
cycles, all of which are based on conventional RAS/CAS 
timing. In a data transfer, data in each storage cell onthe 
selected row is transferred simultaneously through a 
transfer gate to the corresponding register location. The 
serial read port shows the contents of the data register in 
serial order. The random access port and the serial read 
port can operate asynchronously, except when the 
transfer gate is turned on during the data transfer period. 


Addressing 


The storage array is arranged in a 256-row by 1024- 
column matrix. Each of 4 data bits in the random access 
port corresponds to 65,536 storage cells. Therefore, 16 
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address bits are required to decode one cell location. 
Eight row address bits are set up on pins Ag through Az 
and latched onto the chip by RAS. Eight column address 
bits then are set up on pins Ag through Az and latched 
onto the chip by CAS. All addresses must be stable, on 
or before the falling edges of RAS and CAS. 


RAS is similar to a chip enable signal; whenever it is 
activated, 1024 cells on the selected row are sensed 
simultaneously and- the sense amplifiers automatically 
restore the data. CAS serves as a chip selection signal to 
activate the column decoder and the input and output 
buffers. 


Through 1 of 256 column decoders, 4 storage cells on 
the row are connected to 4 data buses, respectively. In 
the data transfer cycle, 8 row address bits are used to 
select 1 of the 256 possible rows involved in the transfer 
of data to the data register. Eight column address bits are 
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then used to select the 1 of 256 possible serial decoders 
that corresponds to the starting location of the next 
serial read cycle. In the serial read port, when SC is 
activated, 4 data bits in the 1024-bit data register are 
transferred to 4 serial data buses and read out. Activat- 
ing SC repeatedly causes a serial read cycle (starting 
from the location specified in the data transfer cycle) to 
be executed within the 1024 bits in the data register. 


Random Access Port 


An operation in the random access port begins with a 
negative transition of RAS. Both RAS and CAS have 
minimum pulse widths, as specified in the timing table, 
which must be maintained for proper device operation 
and data integrity. Once begun, a cycle must meet all 
specifications, including minimum cycle time. To reduce 
the number of pins, the following functions are multi- 
plexed in the random access port: 

e DI/OE 

e WB/WE 

@ W//lO; (i = 0, 1, 2, 3) 

The OE, WE and IO; functions represent standard oper- 
ations while DT, WB, and W; are special inputs to be 
applied in the same way as row address inputs, with 
setup and hold times referenced to the negative transi- 
tion of RAS. The DT level determines whether a cycle is a 
random access operation or a data transfer operation. 
WB affects only write cycles and determines whether or 
not the write-per-bit option is used. W; defines data bits 
to be written with the write-per-bit capability. In the 
following discussions, these multiplexed pins are desig- 
nated as DT(/OE), for example, depending on the func- 
tion being described. 


To use the n.PD42264 for random access, DT(/OE) must 
be high as RAS falls. Holding DT(/OE) high disconnects 
the 1024-bit data register from the corresponding 1024- 
digit lines of the storage array. Conversely, to execute a 
data transfer, DT(/OE) must be low as RAS falls to open 
the 1024 data transfer gates and transfer data from one of 
the rows to the data register. 


Read Cycle. A read cycle is executed by activating RAS, 
CAS, and OE and maintaining (WB/)WE high while CAS 
is active. The (W;/)IO; data pin (i = 0, 1, 2, 3) remains in 
high impedance until valid data appears at the output at 
access time. Device access time, tacc, will be the 
longest of the following three calculated intervals: 


@ trac 
@ RAS to CAS delay (tacp) + tcac 
e RAS to OE delay + toga 
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Access times from RAS (trac), from CAS (tcac), and 
from OE OE (toga) are device parameters. The RAS to CAS 
and RAS to OE delays are system-dependent timing 
parameters. 


Output becomes valid after the access time has elapsed 
and it remains valid while both CAS and OE are low. CAS 
or OE high returns the output to high impedance. 


Write Cycle. A write cycle is executed by bringing 
(WB/)WE low during the RAS/CAS cycle. The falling edge 
of CAS or (WB/)WE strobes the data on (W,/IO; into. the 
on-chip data latch. To make use of the write-per-bit 
capability, WB(/WE) must be low as RAS falls. In this 


case, data bits targeted for write operation can be 


specified by keeping W;(/IO;) high, with setup and hold 
times referenced to the negative transition of RAS. 


For those data bits of W;(/IO;) that are kept low as RAS 
falls, write operation is inhibited on the chip. If WB(/WE) 
is high as RAS falls, the write-per-bit option is not used 
and a write cycle is executed for all four data bits. 


Early Write Cycle. An early write cycle is executed by 
bringing (WB/)WE low before CAS. Data is strobed by 
CAS, with setup and hold times referenced to this signal, 
and the output remains in high impedance for the entire 
cycle. As RAS falls, (DT/)OE must meet the setup and 
hold times of a high DT, but otherwise (D1/)OE does not 
affect any circuit operation while CAS is active. 


Read-Write/Read-Modify-Write Cycle. Bringing the 
(WB/)WE signal low with RAS and CAS low executes this 
cycle. (Wj/)lIO; shows read data at access time. Afterward, 
in preparation for the upcoming write cycle, (W;/)IO; is 
returned to high impedance by a high (DT/)OE. The data 
to be written is strobed by (WB/)WE, with setup and hold 
times referenced to this signal. 


Late Write Cycle. This cycle shows the timing flexibility 
of (DT/)OE, which can be activated just after (WB)WE 
falls, even when (WB/)WE is brought low after CAS. 


Refresh Cycle. A cycle at each of the 256 row addresses 
(Ag through Az) will refresh all storage cells. Any cycle in 
the random access port (i.e., read, write, refresh, or data 
transfer) refreshes the 1024 bits selected by the RAS 
addresses or by the on-chip refresh address counter. 


RAS-only Refresh Cycle. A cycle having only RAS 
active refreshes one row of the storage array. A high CAS 
is maintained while RAS is active to keep (W/)IO; in a 
state of high impedance. This cycle is preferred for 
refreshing, especially when the host system consists of 
multiple rows of random access devices. The data out- 
puts may be OR-tied with no bus contention when 
RAS-only refresh cycles are executed. 
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CAS Before RAS Refresh Cycle. This cycle executes 
internal refreshing using the on-chip control circuitry. 
Whenever CAS is low as RAS falls, this circuitry auto- 
matically refreshes the row addresses specified by the 
internal address counter. In this cycle, the circuit opera- 
tion based on CAS is maintained in a reset state. When 
internal refreshing is complete, the address counter 
automatically increments in preparation for the next CAS 
before RAS cycle. 


Hidden Refresh Cycle. This function performs hidden 
refreshing after a read cycle, without disturbing the read 
data output. Once valid, the data output is controlled by 
CAS and OE. After the read cycle, CAS is held low while 
RAS goes high for precharging. A RAS-only cycle is then 
executed (except that CAS is held low instead of high) 
and the data output remains valid. Since hidden refresh- 
ing is the same as CAS before RAS refreshing, the data 
output remains valid during either operation. 


Fast-Page Cycle.This feature allows faster data access 
by keeping the same row address while successive 
column addresses are strobed onto the chip. By main- 
taining RAS low while successive CAS cycles are exe- 
cuted, data is transferred at a faster rate because RAS 
addresses are maintained internally and do not have to 
be reapplied. During this operation, it is also possible to 
execute read, write and read-write/read-modify-write cy- 
cles. Additionally, the write-per-bit control specified in 
the entry write cycle is maintained through the following 
fast-page write cycle. 


Data Transfer Cycle. A data transfer cycle is executed 
by bringing DT(/OE) low as RAS falls. The specified 1 of 
the possible 256 rows involved in the data transfer, as 
well as the starting location of the following serial read 
cycle in the serial read port, are defined by address 
inputs. DT(/OE) must be low for a specified time, mea- 


DC Characteristics 
Ta = Oto +70°C; Veg = 5.0 V 10% 


Parameter Symbol Min Typ 
Input leakage current lic -10 
Output leakage current lot —10 


Random access port output voltage, high Vo+Hr) 2.4 
Random access port output voltage, low VoL) 
Serial read port output voltage, high VoH(s) 2.4 
Serial read port output voltage, low Vous) 
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sured from RAS and,CAS, so that the data transfer 
condition may be satisfied . The low-to-high transition of 
DT causes two transfer operations through the data 
transfer gates: column address buffer outputs are trans- 
ferred to the serial address counters, and storage cell 
data amplified on digit lines is transferred to the data 
register. At least one SC cycle is required to hold the data 
in the register. Otherwise, the beginning of the next 
transfer cycle destroys the newly transferred data. RAS 
and CAS must be low during these operations to keep 
the transferred data in the random access port. 


Serial Read Port 


The serial read port is used only to read serially the 
contents of the data register starting from a specified 
location. The entire operation, therefore, follows.a data 
transfer cycle. Data stored in the serial register remains 
valid for a minimum of 4 ms after the transfer cycle. The 
only condition under which the serial read port must 
synchronize with the random access port is when the 
positive transition of DT(/OE) must occur within a spec- 
ified period in an SC cycle. Except for this SC cycle, the 
serial read port can operate asynchronously with the 
random access port. The output data appears at SO; 
after an access time of tsca, measured from SC high, 
only when SOE is maintained low. The SC cycle that 
includes the positive transition of DT(/OE) shows old 
data in the data register; subsequent SC cycles show 
new data transferred to the data register serially and ina 
looped manner. The serial output is maintained until the 
next SC signal is activated. SOE controls the impedance 
of the serial output to allow multiplexing of more than 
one bank of 41PD42264 graphics buffers into the same 
external circuitry. When SOE is low, SO; is enabled and 
the proper data is read. When SOE is at a high logic level, 
SQ; is disabled and in a state of high impedance. 


Max Unit Test Conditions : 
10 pA Vin = 0 to'5.5 V; all other pins not under test = OV 
10 pA — Doyrt (10; $O) disabled; Voy = 010 5.5 V 
Vv lon(a) = -2 MA 
0.4 V- lon) = 4.2 mA 
Vv lon(s) = -2 MA 
Vv 


0.4 lois) = 42mA 
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Power Supply Current 

Ta = Oto +70°C; Vog = +5.0 V +10% 

Random Access Port Serial Read Port. Symbol Max Unit Test Conditions 

Read/write cycle Standby loot 70 mA RAS and CAS cycling; tac = tac min; 10 = 0 mA; 
SC = SOE = Vix (Note 1) 

Standby Standby loce 5 mA — RAS = Vis Dour = high impedance; 
SC = SOE = Vin 

RAS-only refresh cycle Standby locs 60 mA _ RAS cycling; CAS = Vins tac = tac min; 
SC = SOE = Vin 

Page cycle Standby loc4 50 mA = RAS = Vi; CAS cycling; tpc = tpc min; 
SC = SOE = Vy, (Note 1) 

CAS before RAS refresh cycle Standby locs 60 mA CAS low as RAS falls; tac = tac min; 
SC = SOE = Vj (Note 1) 

Data transfer Standby loce 75 mA _ ODT lowas RAS falis; tag = tag min; 
SC = SOE = Vin 

Read/write cycle Active loc7 120 mA _ RAS and CAS cycling; tac = tac min; IO = O mA; 
SOE = Vi; SC cycling; tscc = tscc min (Note 1) 

Standby Active loca 50 mA — RAS = Vi; Dout = high impedance; SOE = Vj; 
SC cycling; tscc = tscc min (Note 1) 

RAS-only refresh cycle Active loce 110 mA — RAS cycling; CAS = Vin tac = tac min; SOE = Vi; 
SC cycling; tsoc = tscoc min (Note 1) 

Page cycle Active loc10 100 mA _ RAS = V,; CAS cycling; tp¢ = tpc min; SOE = Vy; 
SC cycling; tgcc = tscc min (Note 1) 

CAS before RAS refresh cycle Active loci 110 mA CAS lowas RAS falls; tac = tac min; SOE = Vy; 
SC cycling; tgc¢co = tscc min (Note 1) 

Data transfer Active Ioc12 125 mA _ DT lowas RAS falls; tac = tac min; SOE = Vi; 
SC cycling; tscc = tscc min (Note 1) 

Notes: 


(1) No load on IO; or SQ). Except for Ioca, Iocg, and Ioce¢, real values 
depend on output loading and cycle rates. 


AC Characteristics 
Ta = Oto +70°C; Vocg = +5.0 V+10% 


Parameter Symbol Min Typ Max Unit Test Conditions 
Column address hold time after RAS low tar 70 ns 

Column address setup time tasc 0 ns 

Row address setup time tasr 0 ns 

Access time from CAS toac 50 ns (Notes 2, 5) 
Column address hold time tcAH 20 ns 

CAS pulse width tcas 50 10,000 ns 

DT low hold time after RAS low toby 30 ns (Note 12) 
CAS before RAS refresh hold time tour 20 ns 

CAS precharge time (page cycle only) top 40 ns 

CAS precharge time (nonpage cycle) topn 20 ns 

CAS high to RAS low precharge time torp 10 ns 

SC delay time from CAS tcsp 45 ns (Note 12) 
CAS hold time tosy 100 ns 

CAS before RAS refresh setup time tcsr 10 ns 
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AC Characteristics (cont) 
Parameter 

TAS to WE delay 

Write command to CAS lead time 
Data-in hold time 

DT high hold time 

Data-in hold time after RAS low 

DT high setup time 

OT low setup time 





Data-in setup time: 

DT high to CAS high delay 

DT high hold time after RAS high 
DT high to RAS high delay 

OE pulse width 

Access time from OE 

GE to data-in setup delay 

GE hold time after WE low 

OE to RAS inactive setup time 
Output disable time from OE high 
Output disable time from CAS high 
Page cycle time 

Access time from RAS 

Row address hold time 

RAS pulse width 

Random read or write cycle time 
RAS to CAS delay time 

Read command hold time after CAS high 
Read command setup time 


DT low hold time after RAS low 
(serial port active) 


DT low hold time after RAS low 
(serial port in standby) 


Refresh interval 

RAS precharge time 

RAS high to CAS low precharge time 
Read command hold after RAS high 
SC delay from RAS 

RAS hold time 
Read-write/read-modify-write cycle time 
RAS to WE delay 

Write command to RAS lead time 
SC pulse width 

Serial output access time from SC 


Serial clock cycle time 


10 
15 
10 


10 


10 


100 


15 


100 
190 


135 


10 


Typ 


Max 


100 


10,000 


50,000 


Unit 


ns 


ns 
ns 
ns 
ns 
ns 
ns 
ns 
ns 
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Test Conditions 
(Note 10) 


(Note 11) 


(Note 11) 


(Note 2) 


(Note 6) 
(Note 6) 


(Notes 2, 4) 


(Note 4) 
(Note 9) 


(Note 12) 


(Note 12) 


(Note 9) 
(Note 12) 


(Note 10) 


(Notes 2, 7) 
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AC Characteristics (cont) 






























































Notes: 
(1) 
(2) 
(3) 


(4) 


(5) 
(6) 


(7) 
(8) 


© 


See input/output timing waveforms for timing reference voltages. 
See figures 1 and 2 for output loads. - 


An initial pause of 100 us is required after power-up, followed by 
any eight RAS cycles (except CAS- before-RAS cycles), before 
proper device operation is achieved. 


Operation within the tacp (max) limit ensures that trac ree 
can be met. The tacp (max) limit is specified as a reference point 
only. If tacp is greater than the specified tacp (max) limit, access 
time is controlled exclusively by tcac. 


Assumes that tgacp 2 tacp (max). 


An output disable time defines the time at which the output 
achieves the open-circuit condition and is not referenced to 
output voltage levels. 


Data in the serial output register remains valid for 4 ms (min) 
after a data transfer cycle. 


Vin (min).and Vy, (min) are reference levels for measuring the. 


timing of input signals. Additionally, transition. times are mea- 
sured between Vj, and Vj. 


(9) 
(10) 


(11) 


(12) 


Parameter Symbol “Min Typ Max Unit Test Conditions 
sc precharge time tsc. 10 ns UE 
SC high to DT high delay tspp 10 ‘ns 
SC low hold time after BT high. tspn 10 ns 
Serial output access time from SOE tsoa 25 ns 
SOE pulse width . tsoE 10 ns. (Note 13) 
Serial output hold time after SC high tson ns 
SOE low to serial output setup delay tsoo ns 
SOE precharge time tsop 10_— . ns (Note 13) 
Serial output disable time from SOE high tsoz 0 25 ns (Note: 6) 
SC setup time to CAS tssc 10 ] ns: (Note 12) 
Rise and fall transition time tr 3 50 ns | 
Write-per-bit hold time twBH 15 ns 
Write-per-bit setup time twes 0 ns 
Write command hold time twoH ns 
Write command hold time after RAS low — twor 75 ns 
Write command setup time twos 0 ns (Note 10) 
Write bit selection hold time twH 15 ns 
Write command pulse width twp 15 ns. 

“ Write bit selection setup time tws 0 ns 





Either tany OF tacy must be satisfied for a read-cycle. 


twcs: tcwp, and tawp are restrictive operating parameters in 
read-write and read-modify-write cycles only. If twcs = twos 
(min), the cycle is an early write cycle and the data output will 
remain open-circuit throughout the entire cycle. If towp. = tcwo 
(min) and tawp =trwp (min), the cycle is a read-write cycle and 
the data output will contain data read from the selected cell. If 
neither of the above conditions is met, the condition. of the data’ 
output (at access time and until CAS returns to Vin) is indeter- 
minate. 


These parameters are referenced to the falling ed age of CAS in 
early write cycles and to the falling edge of (WE) WE in delayed 
write or read-modify-write cycles. 


Use tay and tcpy when the serial portis active and: apeini isi 
tosp and tggc if it is in standby. 


(13) SOE may be tied to GND if the Suet: enable function of the 


serial port is not needed. 
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Figure 1. Input Timing 





Figure 3. Output Loading in Random Access Port 





Figure 4. Output Loading in Serial Read Port 
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Timing Waveforms 
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Timing Waveforms (cont) 





Early Write Cycle 
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Timing Waveforms (cont) 
Late Write Cycle 
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Timing Waveforms (cont) 
Read-Write/Read-Modify-Write Cycle 
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Timing Waveforms (cont) 
RAS-Only Refresh Cycle 
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Timing Waveforms (cont) 


Hidden Refresh Cycle 
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Timing Waveforms (cont) 


Page Read Cycle 
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High Impedance 
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Timing Waveforms (cont) 





Page Early Write Cycle 
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Timing Waveforms (cont) 


Page Late Write Cycle 
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Timing Waveforms (cont) 


Page Read-Modify-Write Cycle 
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Timing Waveforms (cont) 


Data Transter Cycle (Serial Port in Standby) 
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Timing Waveforms (cont) 


Data Transfer Cycle (Serial Port Active) 
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Timing Waveforms (cont) 


Serial Read Cycle 
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Description 


The pPD42273 is a dual-port graphics buffer equipped 
with a 256K x 4-bit random access port and a 512x 4-bit 
serial read port. The serial read port is connected to an 
internal 2048-bit data register through a 512 x 4bit 
serial read output circuit. The random access port is 
used by the host CPU to read or write data addressed in 
any desired order A write-per-bit capability allows 
each of the four data bits to be individually selected or 
masked for a write cycle. 


The pPD42273 features fully asynchronous dual ac- 
cess, except when transferring stored graphics data 
from a selected row of the storage array to the data 
register. During a datatransfer, the random access port 
requires a special timing cycle using a transfer clock; 
the serial read port continues to operate normally. 
Following the clock transition of a data transfer, serial 
output data changes from an old line to a new line and 
the starting location on the new line is addressable in 
the data transfer cycle. 


An advanced CMOS silicon-gate process using poly- 
cide technology and trench capacitors provides high 
storage cell density, high performance, and high reli- 
ability. 


Refreshing is accomplished by means of RAS-only 
refresh cycles or by normal read or write cycles on the 
512 address combinations of Ap through Ag during an 
8-ms period. Automatic internal refreshing, by means 
of either hidden refreshing or the CAS before RAS 
timing and on-chip internal refresh circuitry, is also 
available. The transfer of a row of data from the storage 
array to the data register also refreshes that row auto- 
matically. 


The pPD42273 is an alternative to the uPD42274 for 
applications that do not require the flash write function. 


All inputs and outputs, including clocks, are TTL- 
compatible. All address and data-in signals are latched 
on-chip to simplify system design. Data-out is un- 
latched to allow greater system flexibility. 


The pPD42273 is available in a 28-pin plastic ZIP or 
28-pin plastic SOJ and is guaranteed for operation at 0 
to + 70°C. 
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pPD42273 
Dual-Port Graphics Buffer 


Features 


i) 


ooo0oo0ao0ad go 


Three functional blocks 

— 256K x 4-bit random access storage array 

— 2048-bit data register 

— 512 x 4-bit serial read output circuit 

Two data ports: random access and serial read 

Dual-port accessibility except during data transfer 

Addressable start of serial read operation 

Real-time data transfer 

Single + 5-volt + 10% power supply 

On-chip substrate bias generator 

Random access port __ a 

— Two main clocks: RAS and CAS 

— Multiplexed address inputs 

— Direct connection of I/O and address lines 
allowed by OE to simplify system design 

— 512 refresh cycles every 8 ms 

— Read, early write, late write, read-write/read- 
modify-write, RAS-only refresh, and fast-page 
cycles 

— Automatic internal refreshing by means of the 
CAS before RAS on-chip address counter 

— CAS-controlled hidden refreshing 

— Write-per-bit option regarding four I/O bits 

— Write bit selection multiplexed on IO9-IO3 

RAS-activated data transfer 

— Same cycle time as for random access 

— Row data transferred to data register as 
specified by row address inputs 

— Starting location of following serial read cycle 
specified by column address inputs 

— Transfer of 2048 bits of data on one row to the 
data register, and the starting location of the 
serial read circuit, activated by a low-to-high 
transition of DT 

— Data transfer during real-time operation or 
standby of serial port 

Fast serial read operation by means of SC pins 

Serial data output on SOp-SO3 

Direct connection of multiple serial outputs for 

extension of data length 

Fully TTL-compatible inputs, outputs, and clocks 

Three-state outputs for random and serial access 

CMOS silicon-gate process with trench capacitors 
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Pin Configurations Ordering Information 
28-Pin Plastic SOJ Part Number erieigrttey pies Ga Package 
uPD42273LE-10 100 ns 30ns °° 28-pin 
LEI2- = 120ns_— 40 ns prste sod 
pPD42278V-10 - -100ns -80ns°- 28pin 
v-12 120 ns Aine eRe 





Absolute Maximum Ratings © 
Voltage on any-pin except Voc 


relative to GND, Vay | -1.0 to +7.0V 
Voltage on Voc relative to GND, Vo -1.0to +7.0V 
Operating temperature, Topas , Oto +70°C 
Storage temperature, Tete ~55 to +.125°C 
Short-circuit output current, los cmd; 50 mA 
Power dissipation, Pp . . . 1.5W 








Exposure to Absolute Maximum Ratings for extended periods may 
affect device reliability; exceeding the ratings could cause perma- 
nent damage. The device should be operated within the limits 
specified under DC and AC Characteristics. 


Recommended Operating Conditions 





Parameter Symbol Min Typ Max — Unit 
Supply voltage Vec 4.5 5.0 5.5 V 
input voltage, high Vin 2.4 5.5 V 
Input voltage, low Vit -1.0 0.8 V 
Ambient temperature Ta - 0 . 70 8° 
Capacitance 


Ta = 0 to +70°C; Veco = +5.0V 10%; f =1 MHz; GND = OV ~ 
Parameter . Symbol Limit (max) Unit . Pins Under Test 














; Input ; . Cia) 5 - pF. .Ag through Ag : 
Pin Identification _ = mapecniene® _CyBToB 8 Bee 
Symbol Function 2 CiweMwe) : er = 
Ag - Ag Address inputs . ee CU(RAS) a = = 
Wo/l09.- Wa/IO03. Ss Write-per-bit selscta/daia reuse and outputs CiCAs) : sal did 
RAS Row address strobe CiSOE) , : it ccieiciado 
CAS ~ Column address strobe 7 . _____ SUS) : e Pres 
WE/WE _ Write-per-bit/write enable... _ pete te Cio qwyto) 7 on Naden through 
BVOE ~ Data transfer/output enable Output Coy —~=S?~S:*C*F~SCSO through 
SO - S03 - - Serial read outputs © capacitance SO3 © 
sc Serial control 
SOE Serial output enable 
GND Ground 
Voc +5-volt 10% power supply 
NC No connection 
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Address }- 
Counter F 


Timing 
Generator 


Pin Functions 


Ao-As (Address Inputs). These pins are multiplexed as 
row and column address inputs. Each of four data bits 
in the random access port corresponds to 262,144 

“storage cells, which means that nine row addresses 

“and nine column addresses are required to decode one 
cell location. Nine row addresses are first used to 
select one of the 512 possible rows for a read, write, 
data transfer, or refresh cycle. Nine column addresses 
are then used to select the one of 512 possible column 
decoders for a read or write cycle or the one of 512 
possible starting locations for the next serial read 
cycle. (Column addresses are not required in RAS-only 
refresh or flash write cycles.) 


Wo/lO9-W3/103 (Write-Per-Bit Inputs/Common Data 
Inputs and Outputs). Each of the four data bits can be 
individually latched by these inputs at the falling edge 
of RAS in a write cycle, and then updated at the next 
falling edge of RAS. Ina read cycle, these pins serve as 
outputs for the selected storage cells. In a write cycle, 
data input on these pins is latched by the falling edge of 
CAS or WE. 


RAS (Row Address Strobe). This pin is functionally 
equivalent to a chip enable signal in that whenever it is 
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Wo/lOo 
Wy4/104 
Wa/l02 
W3/l03 


i 
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activated, the 2,048 storage cells of a selected row are 
sensed simultaneously and the sense amplifiers re- 
store all data. The nine row address bits are latched by 
this signal and must be stable on or before its falling 


edge. CAS, DI/OE and WB/WE are simultaneously 
latched to determine device operation. 


CAS (Column Address Strobe). This pin serves as a 
chip selection signal to activate the column decoder 
and the input/output buffers, The nine column address 
bits are latched at the falling edge of CAS. 


WB/WE (Write-Per-Bit Control/Write Enable). At the 
falling edge of RAS the WB/WE input must be low and 
CAS and 1 DT/OE high to enable the write- per-bit option. 
A high WB/WE can be used at the beginning of a 
standard write or read cycle. . 


DT/OE (Data Transfer/Output Enable). At the falling 
edge of RAS, CAS high and FWE and DT/OE low initiate 
a data transfer, regardless of the level of WB/WE. DT/OE 
high initiates conventional read or write cycles and 
controls the output buffer in the random access port. 


$OQpo-SO3 (Serial Data Output). Four-bit data is read 
from these pins. Data remains valid until the next SC 
signal is activated. 
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SC (Serial Control). Repeatedly activating this signal 
causes serial read cycles (starting from the location 
specified in the data transfer cycle) to be executed 
within the 2,048 bits in the data register. The rising edge 
of SC activates serial read operation, in which four of 
the 2,048 data bits are transferred to four serial data 
buses, respectively, and read out. Whenever SC is low, 
the serial port is in standby. 


SOE (Serial Output Enable). This signal controls the 
serial data output buffer. 


OPERATION 


The uPD42273 consists of a random access port anda 
serial read port. The random access port executes 
standard read and write cycles as well as data transfer 
and flash write cycles, all of which are based on con- 
ventional RAS/CAS timing. 


In a data transfer, data in each storage cell on the 
selected row is transferred simultaneously through a 
transfer gate to its corresponding register location. The 
serial read port shows the contents of the data register 
in serial order. The random access and serial read ports 
can operate asynchronously, except when the transfer 
gate is turned on during the data transfer period. 


Addressing 


The storage array is arranged in a 512-row by 2048- 
column matrix, whereby each of 4 data bits in the 
random access port corresponds to 262,144 storage 
ceils and 18 address bits are required to decode one 
cell location. Nine row address bits are set up on pins 
Ao through Ag and latched onto the chip by RAS. Nine 
column address bits then are set up on pins Ap through 
Ag and latched onto the chip by CAS. All addresses 
must be stable, on or before the falling edges of RAS 
and CAS. Whenever RAS is activated, 2048 cells on the 
selected row are sensed simultaneously and the sense 
amplifiers automatically restore the data. CAS serves 
as a chip selection signal to activate the column de- 
coder and the input and output buffers. 


Through 1 of 512 column decoders, 4 storage cells on 
the row are connected to 4 data buses, respectively. In 
a data transfer cycle, 9 row address bits are used to 
select 1 of the 512 possible rows involved in the transfer 
of data to the data register. Nine column address bits 
are then used to select the 1 of 512 possible serial 
decoders that corresponds to the starting location of 
the next serial read cycle. In the serial read port, when 
SC is activated, 4 data bits in the 2048-bit data register 
are transferred to 4 serial data buses and read out. 
Activating SC repeatedly causes serial read cycles 
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(starting from the location specified in the datatransfer 
cycle) to be executed within the 2048 bits in the data 
register. 


Random Access Port 


An operation in the random access port begins with a 
negative transition of RAS. Both RAS and CAS have 
minimum pulse widths, as specified in the timing table, 
which must be maintained for proper device operation 
and data integrity. Once begun, a cycle must meet all 
specifications, including minimum cycle time. To re- 
duce the number of pins, the following are multiplexed. 
e DOE 

e@ WB/WE 

@ W/IO; (i = 0, 1, 2, 3) 

OE, WE and IO; represent standard operations, while 
DT, WB, and W; are special inputs to be applied in the 
same way as row address inputs, with setup and hold 
times referenced to the negative transition of RAS. 


The level of DT determines whether a cycle is arandom 
access or data transfer operation. WB affects only 
write cycles and determines whether or not the write- 
per-bit capability is used. W; defines data bits to be 
written with the write-per-bit option. In the following 
discussions, these multiplexed pins are designated as 
DT(/OE), for example, depending on the function being 
described. 


To use the uPD42273 for random access, DT(/OE) must 
be high as RAS falls to disconnect the 2048-bit register 
from the corresponding 2048-digit lines of the storage 
array. Conversely, to execute a data transfer, DT(/OE) 
must be low as RAS falls to open the 2048 transfer gates 
and transfer data from one of the rows to the register. 


Truth Table for the Random Access Port 


CAS DI/OE WB/WE Cycle 

H H H Read or write (Note 1) 

H H L Mask write (Note 2) 

H L X Read data transfer (Note 3) 

L x x CAS before RAS refresh (Note 4) 
Notes: 


(1) Initiates a normal read or write cycle and disables the write-per- 
bit capability. 


(2) Enables individual bits to be selected or masked for a write cycle. 
Four-bit masked data is latched at the falling edge of RAS and 
reset at the rising edge of RAS. 


(8) Initiates a read data transfer cycle. 


(4) Initiates a CAS before RAS refresh cycle. As RAS falls, WB/WE 
and DI/OE = don't care. 


(5) X = don't care. 
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Read Cycle. A read cycle is executed by activating 
RAS, CAS, and OE and by maintaining (WB/)WE while 
CAS is active. The (Wj/IO; pin (i = 0, 1, 2, 3) remains in 
high impedance until valid data appears at the output 
at access time. Device access time, tacc, will be the 
longest of the following four calculated intervals: 

© trac 

@ RAS to CAS delay (trop) + tcac 

e RAS to column address delay (trap) + tan 

@ RAS to OE delay + toca 


Access times from RAS (trac), from CAS (tcac), from 
the column addresses (tga), and from OE (toga) are 
device parameters. The RAS-to-CAS, RAS-to-column 
address, and RAS-to-OE delays are system-dependent 
timing parameters. Output becomes valid after the 
access time has elapsed and it remains valid while both 
CAS and OE are low. Either CAS or OE high returns the 
output pins to high impedance. 


Write Cycle. A write cycle is executed by bringing 
(WB/)WE_low during the RAS/CAS cycle. The falling 
edge of CAS or (WB/)WE strobes the data on (W,)IO; 
into the on-chip data latch. To make use of the write- 
per-bit option, WB(/WE) must be low as RAS falls. In this 
case, write data bits can be specified by keeping 
Wi(/IO;) high, with setup and hold times referenced to 
the negative transition of RAS. 


For those data bits of W;(/IO) that are kept low as RAS 
falls, write operation is inhibited on the chip. If WB(/WE) 
is high as RAS falls, the write-per-bit option is not used 
and a write cycle is executed for all four data bits. 


Early Write Cycle. An early write cycle is executed by 
bringing (WB/)WE low before CAS falls. Datais strobed 
by CAS, with setup and hold times referenced to this 
signal, and the output remains in high impedance for 
the entire cycle. As RAS falls, (DT/)OE must meet the 
setup and hoijd times of a high DT, but otherwise 
(DT/)OE does not affect anything while CAS is active. 


Read-Write/Read-Modify-Write Cycle. This cycle is ex- 
ecuted by bringing (WB/)WE low with the RAS and CAS 
signals low. (W,/)IO; shows read data at access time. 
Afterward, in preparation for the upcoming write cycle, 
(W;/)IO; returns to high impedance when (DT/)OE goes 
high. The data to be written is strobed by (WB/)WE, with 
setup and hold times referenced to this signal. 


Late Write Cycle. This cycle shows the timing flexibility 
of (DT/)OE, which can be activated just after (WB/)WE 
falls, even when (WB/)WE is brought low after CAS. 


Refresh Cycle. A cycle at each of the 512 row ad- 
dresses (Ag through Ag) will refresh all storage cells. Any 
read, write, refresh, or data transfer cycle executed in 
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the random access port refreshes the 2048 bits se- 
lected by the RAS addresses or by the on-chip address 
counter. 


RAS-Only Refresh Cycle. A cycle having only RAS 
active refreshes all cells in one row of the storage array. 
A high CAS is maintained while RAS is active to keep 
(W;/)IO; in high impedance. This method is preferred for 
refreshing, especially when the host system consists of 
multiple rows of random access devices. The data 
outputs may be OR-tied with no bus contention when 
RAS-only refresh cycles are executed. 


CAS Before RAS Refresh Cycle. This cycle executes 
internal refreshing using the on-chip circuitry. When- 
ever CAS is low as RAS falls, the row addresses speci- 
fied by the internal counter are automatically refreshed 
and the circuit operation based on CAS is maintained 
in a reset state. When internal refreshing is complete, 
the address counter automatically increments in prep- 
aration for the next CAS before RAS cycle. 


Hidden Refresh Cycle. This cycle is executed after a 
read cycle, without disturbing the read data output. 
Once valid, the data output is controlled by CAS and 
OE. After the read cycle, CAS is held low while RAS goes 
high for precharge. A RAS-only cycle is then executed 
(except that CAS is held at a low level instead of a high 
level) and the data output remains valid. Since hidden 
refreshing is the same as CAS before RAS refreshing, 
the data output remains valid during either operation. 


Fast-Page Cycle. This feature allows faster data access 
by keeping the same row address while successive 
column addresses are strobed onto the chip. Maintain- 
ing RAS low while successive CAS cycles are executed 
Causes data to be transferred at a faster rate because 
row addresses are maintained internally and do not 
have to be reapplied. In fast-page operation, read, 
write and read-write/read-modify-write cycles may be 
executed. Additionally, the write-per-bit control speci- 
fied in the entry write cycle is maintained throughout 
the next fast-page write cycle. 

During a fast-page read cycle, (W,/)IO; remains in high 
impedance until valid data appears at the output pin at 


access time. Device access time in this cycle will be one 
of the following calculated intervals: 


Fast-Page Access Time 


Calculated Interval Conditions 


tacp tasc 2 top and tcp < top (max) 

taa tasc = tasc (max) and tcp 2 top (max) 
tasc = top and tcp < top (max) 

tcac tasc = tasc (max) and tcp < tcp (max) 
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Data Transfer Cycle. A data transfer is executed by 
bringing DT(/OE) low as RAS falls. DT(/OE) must be low 
for a specified time, measured from RAS and CAS. The 
specified 1 of the possible 512 rows involved inthe data 
transfer, as well as the starting location of the following 
serial read cycle, are defined by address inputs. The 
low-to-high transition of DT causes column address 
buffer outputs to be transferred to the serial address 
counters, and storage cell data amplified on digit lines 
to be transferred to the data register. RAS and CAS 
must be low during these operations to keep the data in 
the random access port. 


Serial Read Port 


After the data transfer cycle, the serial read port is only 
used to serially read the contents of the data register 
starting from a specified location. The only condition 


Power Supply Current 
Ta = Oto +70°C; Veco = +5.0 V +10%; GND = OV 


under which the serial read port must synchronize with 
the random access port is when the positive transition 
of DT(/OE) must occur within a specified period in an 
SC cycle. Otherwise, the serial read port can operate 
asynchronously. Output data appears at SQ; after-an 
access time of tsca, measured from SC high, only when 
SOE is maintained low. The SC cycle which includes the 
positive transition of DT(/OE) shows old data in the data 
register; subsequent SC cycles show new data trans- 
ferred to the data register serially and in a looped 
manner. The serial output is. maintained until the next 
SC signal is activated. SOE controls the impedance of 
the serial output to allow multiplexing of more than one 
bank of uPD42273 graphics buffers into the same ex- 
ternal circuitry. When SOE is at a low logic level, SO; is 
enabled and the proper data is read. When SOE is high, 
SO; is disabled and in a state of high impedance. 














Port Operation nPD42273-10 PD42273-12 . 
Random Access Serial Read Parameter (max) (max) Unit Test Conditions 
Read/write cycle Standby loci 95 85 mA RAS, CAS cycling; tag = tac min; 
SOE = Vin: $c = Vin or Vib 
Standby Standby loce 4 4 mA CAS = RAS = Viy; SOE = Vi: 
SC = Vin or. Vit 
RAS-only refresh cycle Standby loos 95 85 mA RAS cycling; CAS = Vin; tac = tro min; 
SOE = Vin: SC = Vip or Vip (Note 2) 
Fast-page cycle Standby loca 90 80 mA RAS= Vy; CAS cycling; tpg = tpco min; 
SOE = Vin; SC = Viy or Vip (Note 3) 
CAS before RAS Standby los 95 85 mA CAS low as RAS falls; tag = tac min; 
refresh cycle SOE = Vip; SC = Vip or Vit | 
Data transfer cycle Standby loce ~ 135 120 . mA DT low as RAS falls; tag = tac min; 
. SOE = Vin; SC = Viq or Vi 
Read/write cycle Active loc7 120 105 mA RAS and CAS cycling; tac = tre min 
SOE = Vit; SC cycling; tsec-= tscc min 
Standby Active loos 30 25 mA CAS = RAS = Vy; SOE = Vy; 
SC cycling; tsoco = tscc min 
RAS-only refresh cycle Active loca 120 105 mA RAS cycling; CAS = Vins tac = tre min; 
SOE = Vi; SC cycling; tscc = tscc min 
Fast-page cycle Active loc10 115 100 mA RAS = Vy; CAS cycling; tp¢ = tpg min; 
SOE = Vi; SC cycling; tsog = ‘sco min 
(Note 3) 
CAS before RAS Active loci 120 105 mA CAS low as RAS falls; tac = tao min; 
refresh cycle SOE = Vi; SC cycling; tsco = tgeg min 
Data transfer cycle Active loct2 160 140 mA DT low as RAS falls; tao = tao min; 


Notes: 


(1) No load on IO; or SOj. Except for loca, locos: loce, and Ioc14, real 
values depend on output loading in addition to cycle rates. 


(2) CAS is not clocked, but is kept at a stable high level. Column 
addresses are also assumed to be at a stable high or low level. 


0) 


SOE = Vj,; SC cycling; tsoc = tgécq min 


(3) A change-in column addresses must not occur more ethan once in 
a fast-page cycle. 
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DC Characteristics 
Ta = Oto +70°C; Voog = +5.0V £10%; GND = OV 











Parameter : Symbol Min Typ Max Unit Test Conditions 

Input leakage current Iie -10 10 LA Vin = Oto 5.5 V; all other pins not under test =0V 
Output leakage current lo ~10 10 HA Dour (10), SO) disabled; Voyt = Oto 5.5V 
Random access port output voltage, high VoH(R) . 2.4 V loH(R) = —2 mA 

Random access port output voltage, low Vor) 0.4 V lo“(r) = 4-2 mA 

Serial read port output voltage, high Von(s) 2.4 V loH(s) = ~1 mA 

Serial read port output voltage, low VoLs) 0.4 V loL(s) = 2.1 mA 


AC Characteristics 
Ta = 0 to + 70°C; Vog = +5.0V £10%; GND = OV 
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Parameter Symbol Min Max “Min Max Unit Test Conditions 
Switching Characteristics 
Access time from RAS trac 100 120 ns (Notes 3, 4 and 12) 
Access time from falling edge of CAS tcoac 25 30 ns (Notes 3, 4, 13, 14 and 15) 
Access time from column address taa 55 65 ns (Notes 3, 4, 14 and 15) 
Access time from rising edge of CAS tacp 55 65 ns (Notes 3 and 4) 
Access time from OE toca 25 30 ns (Notes 3 and 4) 
Serial output access time from SC tsca 30 40 ns (Notes 3 and 18) 
Serial output access time from SOE tsoa 25 30 ns (Note 3) 
Output disable time from CAS high torr ) 25 f°) 30 ns (Note 5) 
Output disable time from OE high toEez 0 25 0 30 ns _ (Note 5) 
Serial output disable time from SOE high — tgoz 0) 15 ) 20 ns (Note 5) 
SOE low to serial output setup delay tsoo 5 5 ns 
Serial output hold time after SC high tsoH 5 5 ns 
Timing Requirements | 
Random read or write cycle time tro 190 220 ns (Note 11) 
Read-write/read-modify-write cycle time trwec 255 295 ns (Note 11) 
Fast-page cycle time tpc 60 70 ns (Note 11) 
Fast-page read-write/read-modify-write tpaweo 125 145 ns (Note 11) 
cycle time 
Rise and fall transition time ty 3 50 3 50 ns (Notes 8, 10 and 18) 
RAS precharge time trp 80 90 ns —_—_ (Note 18) 
RAS pulse width tras 100 10,000 120 10,000 ns 
Fast-page RAS pulse width trasp 100 100,000 120 100,000 ns 
RAS hold time trsH 25 30 ns 
CAS precharge time (nonpage cycle) topn 10 15 ns 
Fast-page CAS precharge time top 10 25 15 30 ns 
CAS pulse width toas 25 10,000 30 10,000 ns 
CAS hold time tosH 100 120 ns 
‘RAS to CAS delay trop 25 75 25 90 ns (Note 4) 
CAS high to RAS tow precharge time tornp 10 10 ns (Note 16) 
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AC Characteristics (cont) 


Parameter 

Timing Requirements (cont) 
Row address setup time 

Row address hold time 

Column address setup time 
Column address hold time 

RAS to column address delay time 
Column address to RAS lead time 
Read command setup time 

Read command hold time after RAS high 
Read command hold time after CAS high 
Write command setup time 

Write command hold time 

Write command pulse width 

Write command to RAS lead time 
Write command to CAS lead time 
Data-in setup time 

Data-in hold time 

Column address to WE delay 

CAS to WE delay 

RAS to WE delay 

OE high to data-in setup delay 

OE high hold time after WE low 
CAS before RAS refresh setup time 
CAS before RAS refresh hold time 
RAS high to CAS low precharge time 
Refresh interval 

DT tow setup time 

DT low hold time after RAS low 

DT tow hold time after CAS low 

SC high to DT high delay 

SC low hold time after DT high 
Serial clock cycle time 

SC pulse width 

SC precharge time 

DT high setup time 

DT high hold time 

DT high to RAS high delay 

DT high to CAS high delay 


Symbol 


tasR 
tRaH 
tasc 
tcaH 
trRaD 
tRAL 
trcs 
tRRH 
tRCH 
twos 
twcH 
twp 
tRWL 
tow. 
tos 
tDH 
tawD 
towo 
tRwD 
toeD 
toEH 
tosr 
tcHR 
tRPc 
tREF 
toLs 
tRDH 
toDH 
tspp 
tspH 
tscc 
tscu 
tse. 
tobHs 
tDHH 
tptr 
toTc 


12 


15 
17 
55 


10 


20 
20 
30 
30 


20 
85 
55 
130 
30 
25 


15 


80 
30 
10 
10 
30 
10 
10 


15 
10 
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Min Max 


25 


45 


15 


20 
20 
65 


10 


30 
25 
35 
35 


25 
100 
65 
155 
35 
30 


20 


90 
35 
15 
15 
40 
15 
15 


20 
10 
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Max 


30 


55 


Unit 


ns 


ns 


ns 


ns 


ns 


ns 


ns 


ns 


ns 


ns 


ns 


ns 


ns 


ns 


ns 


ns 


ns 


ns 


ns 


ns 


ns 


ns 


ns 


ns 


ms 


ns 


ns 


ns 


ns 


ns 


ns 


ns 


ns 


ns 


ns 


ns 


ns 
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Test Conditions 


(Note 15) 

(Notes 9 and 14) 
(Note 6) 

(Note 6} 

(Note 7) 

(Note 17) 

(Note 8) 

(Note 8) 

(Note 7) 


(Note 7) 
(Note 7) 


Addresses Ap through Ag 


(Note 18) 





(Note 11) 
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AC Characteristics (cont) 
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Parameter Symbol Min 
Timing Requirements (cont) 

GE to RAS inactive setup time togs 10 
Write-per-bit setup time twes 0 
Write-per-bit hold time tweH 15 
Write bit selection setup time tws 0 
Write bit selection hold time tw 15 
SOE pulse width tsor 10 
SOE precharge time tsop 10 
DT high hold time after RAS high toTH 15 
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Min Max Unit Test Conditions 

10 ns 

0 ns 
20 ns 

0 ns 

20 ns 

15 ns 

15 ns 
20 ns 





Notes: 


(1) 
(2) 


(3) 


(5) 


(6) 


(8) 


(9) 
(10) 


All voltages are referenced to GND. 


An initial pause of 100 us is required after power-up, followed by 
any eight RAS cycles and four data transfer (DT) cycles, before 
proper device operation is achieved. 


See input/output timing waveforms for timing reference volt- 
ages. See figures 3 and 4 for output loads. 


Operation within the taop (max) limit ensures that taac (max) 
can be met. The tacp (max) limitis specified as a reference point 
only. If trop is greater than the specified taop (max) limit, 
access time is controlled exclusively by toc, toea: OF tan: 


An output disable time defines the time at which the output 
achieves the open-circuit condition and is not referenced to 
output voltage levels. 


Either tany or tac must be satisfied for a read cycle. 


twos: tawp: towp, and tawp are restrictive operating parame- 
ters in read-write and read-modify-write cycles only. If twos = 
tweg (min), the cycle is an early write cycle and the data output 
will remain open-circuit throughout the entire cycle. If tawp = 
tawp (min), tcwp = tcwp (min), and tawp = trawp (min), the 
cycle is a read-write cycle and the data output will contain data 
read from the selected cell. If neither of the above conditions is 
met, the condition of the data out (at access time and until CAS 
returns to Viz) is indeterminate. 


These parameters are referenced to the falling edge of CAS in 
early write cycles and to the falling edge of (WB/)WE in delayed 
write or read-modify-write cycles. 


Assumes that trap (min) = tray (min) + typical ty of 5 ns. 


Vin (min) and Vi, (max) are reference levels for measuring the 
timing of input signals. Additionally, transition times are mea- 
sured between Viy and Vi. 


(11) 


(12) 


(13) 
(14) 
(15) 


(16) 


(17) 


(18) 


(19) 


The minimum specifications are used only to indicate the cycle 
time at which proper operation over the full temperature range 
(Ta = O to +70°C) is assured. 


Assumes that tacop = tacp (max) and tran = trap (max). If 
tacp or trap is greater than the maximum recommended value 
in this table, trac increases by the amount that tacp or trap 
exceeds the value shown. 


Assumes that tacop2 tacp (max) and trap <= trap (max). 
If trap = trap (max), then the access time is defined by ta. 


For fast-page read operation, the definition of access time is as 
follows. 





CAS and Column Address 
Input Conditions 


Access 
Time Definition 





top = top (max), tasc= top tacp 
tcp < tcp (max), tasc = top taa 
tcp 2 tcp (max), tasc <tasc (max) taA 
tcp 2 top (max), tagc = tasc (max) tcac 


The torp requirement is applicable for RAS/CAS cycles pre- 
ceded by any cycle. 


Parameter twp is applicable for a delayed write cycle such as a 
tead-write/read-modify-write cycle. For early write operation, 
both twos and twcoxH must be met. 


Improvement in parameters tapy, tap and tgca are planned for 
process versions “x” and “m”. Please contact your NEC sales 
office for details. 


Ac measurements assume ty =5 ns. 


© 
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Figure 1. Input Timing 





Figure 2. Output Timing 





Figure 3. Output Load in Random Access Port 





Figure 4. Output Load in Serial Read Port 
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Timing Waveforms 


Read Cycle 






Address 







High impedance 


83YL-7290B 
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Timing Waveforms (cont) 


Early Write Cycle 


'CSH 
CAH 


Address 


tASR 


tasc 
twBs tWBH 


—= AAAAAY  write-Per-Bi KAA) | | 
Yh _Mtsast IRON 
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Timing Waveforms (cont) 


Late Write Cycle 






tCsH 
CAH 









Address 
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Timing Waveforms (cont) 


Read-Write/Read-Modity-Write Cycle 


Address 


| 
(MN 


tRAC 
tps 
tWH tOEZ 


High Impedance EX KK 
Write-Per-Bit Read Write 
KL Seeet_} {Bat Fa 
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Timing Waveforms (cont) 





RAS-Only Refresh Cycle 






Address 


High Impedance 
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Timing Waveforms (cont) 


CAS Before RAS Refresh Cycle 
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Timing Waveforms (cont) 
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Timing Waveforms (cont) 


Fast-Page Read Cycle 
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Timing Waveforms (cont) 


Fast-Page Write Cycle 
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Timing Waveforms (cont) 


Fast-Page Read-Modify-Write Cycle 
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Timing Waveforms (cont) 


Data Transfer Cycle with Serial Port Active 
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Timing Waveforms (cont) 


Data Transfer Cycle with Serial Port in Standby 
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Timing Waveforms (cont) 
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NEC Electronics Inc. 


Description 


The uPD42274 is a dual-port graphics buffer equipped 
with a 256K x 4-bit random access port and a 512 x 4-bit 
serial read port. The serial read port is connected to an 
internal 2048-bit data register through a 512 x 4-bit 
serial read output circuit. The random access port is 
used by the host CPU to read or write data addressed in 
any desired order A write-per-bit capability allows 
each of the four data bits to be individually selected or 
masked for a write cycle. Furthermore, a flash write 
option with write-per-bit control enables data in the 
color register to be written to a selected row in the 
random access port. 


The pPD42274 features fully asynchronous dual ac- 
cess, except when transferring stored graphics data 
from a selected row of the storage array to the data 
register. During a data transfer, the random access port 
requires a special timing cycle using a transfer clock; 
the serial read port continues to operate normally. 
Following the clock transition of a data transfer, serial 
output data changes from an old line to a new line and 
the starting location on the new line is addressable in 
the data transfer cycle. 


An advanced CMOS silicon-gate process using poly- 
cide technology and trench capacitors provides high 
storage cell density, high performance, and high reli- 
ability. 


Refreshing is accomplished by means of RAS-only 
refresh cycles or by normal read or write cycles on the 
512 address combinations of Ag through Ag during an 
8-ms period. Automatic internal refreshing, by means 
of either hidden refreshing or the CAS before RAS 
timing and on-chip internal refresh circuitry, is also 
available. The transfer of a row of data from the storage 
array to the data register also refreshes that row auto- 
matically. 


All inputs and outputs, including clocks, are TTL- 
compatible. All address and data-in signals are latched 
on-chip to simplify system design. Data-out is un- 
latched to allow greater system flexibility. 


The uPD42274 is available in a 28-pin plastic ZIP or 
28-pin plastic SOU and is guaranteed for operation at 0 
to + 70°C. 


uPD42274 
Dual-Port Graphics Buffer 


Features 


i) 


goonoagaoao0angnd 


Three functional blocks 

— 256K x 4-bit random access storage array 

— 2048-bit data register 

— 512 x 4-bit serial read output circuit 

Two data ports: random access and serial read 

Dual-port accessibility except during data transfer 

Addressable start of serial read operation 

Real-time data transfer 

Single + 5-volt +10% power supply 

On-chip substrate bias generator 

Random access port___ oie, 

— Two main clocks: RAS and CAS 

~— Multiplexed address inputs 

—- Direct connection of I/O and address lines 
allowed by OE to simplify system design 

— 512 refresh cycles every 8 ms 

— Read, early write, late write, read-write/read- 
modify-write, RAS-only refresh, and fast-page 
cycles 

~~ Automatic internal refreshing by means of the 
CAS before RAS on-chip address counter 

— CAS-conirolled hidden refreshing 

— Write-per-bit option regarding four I/O bits 

— Write bit selection multiplexed on 109-lO3 

Flash write option with write-per-bit control 

RAS-activated data transfer 

— Same cycle time as for random access 

— Row data transferred to data register as 
specified by row address inputs 

— Starting location of following serial read cycle 
specified by column address inputs 

— Transfer of 2048 bits of data on one row to the 
data register, and the starting location of the 
serial read circuit, activated by a low-to-high 
transition of DT 

— Data transfer during real-time operation or 
standby of serial port 

Fast serial read operation by means of SC pins 

Serial data output on SOo-SO3 

Direct connection of multiple serial outputs for 

extension of data length 

Fully TTL-compatible inputs, outputs, and clocks 

Three-state outputs for random and serial access 

CMOS silicon-gate process with trench capacitors 
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Ordering Information 


Row Access Serial Access 


Part Number Time (max) Time (max) Package 

wPD42274LE-10  100ns 30 ns 28-pin plastic SOJ 
LE-12 120 ns 40 ns 

pPD42274V-10 100 ns 30 ns 28-pin plastic ZIP 
V-12 120 ns 40 ns 





Pin Identification 











Symbol Function 

Ao - Ag Address inputs 

Wo/lOo - W3/l03 " Write-per-bit selects/data inputs and outputs 
RAS Row address strobe 

CAS Column address strobe. 
WB/WE Write-per-bit/write enable 
DI/OE Data transfer/output enable 
FWE Flash write enable 

$09 - S$O3 Serial read outputs 

sc Serial control 

SOE Serial output enable 

GND Ground 
Voc . _ +5-volt + 10% power supply 
NC No connection 





Absolute Maximum Ratings 
Voltage on any pin except Voc 


telative to GND, Vay 1.0 to +7.0V 
Voltage on Voc relative to GND, Varo (1.0 to +7.0V 
Operating temperature, Topp. Oto +70°C 
Storage temperature, Tstg —-55 to + 125°C 
Short-circuit output current, los 50 mA 
Power dissipation, Pp ad 1.5W 





Exposure to Absolute Maximum Ratings for extended periods may 
affect device reliability; exceeding the ratings could cause permanent 
damage. The device should be operated within the limits specified 
under DC and AC Characteristics, 
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Pin Configurations 


28-Pin Plastic SOJ 
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Pin Functions 


Ao-Ag (Address Inputs). These pins are multiplexed as 
row and column address inputs. Each of four data bits in 
the random access port corresponds to 262,144 storage 
cells, which means that nine row addresses and nine 
column addresses are required to decode one cell loca- 
tion. Nine row addresses are first used to select one of 
the 512 possible rows for a read, write, data transfer, or 
refresh cycle. Nine column addresses are then used to 
select the one of 512 possible column decoders for a 
read or write cycle or the one of 512 possible starting 
locations for the next serial read cycle. (Column ad- 
dresses are not required in RAS-only refresh or flash 
write cycles.) 


Wo/lOo-W3/lO3 (Write-Per-Bit Inputs/Common Data 
Inputs and Outputs). Each of the four data bits can be 
individually latched by these inputs at the falling edge of 
RAS in a write or flash write cycle, and then updated at 
the next falling edge of RAS. 


In a read cycle, these pins serve as outputs for the 
selected storage cells. In a write cycle, data input_on 
these pins is latched by the falling edge of CAS or WE. 


RAS (Row Address Strobe). This pin is functionally 
equivalent to a chip enable signal in that whenever it is 
activated, the 2,048 storage cells of a selected row are 
sensed simultaneously and the sense amplifiers restore 
all data. The nine row address bits are latched by this 
signal and must be stable on or before its falling edge. 
CAS, DI/OE, WB/WE, and FWE are simultaneously 
latched to determine device operation. 


CAS (Column Address Strobe). This pin serves as a 
chip selection signal to activate the column decoder and 
the input/output buffers. The nine column address bits 
are latched at the falling edge of CAS. 
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WB/WE (Write-Per-Bit Control/Write Enable). At the 
falling edge of RAS, the WB/WE and FWE inputs must be 
low and CAS and DT/OE high to enable the write- per-bit 
option. When CAS, DT/OE and FWE are high at the falling 
edge of RAS, the level of this signal indicates either a 
color register set cycle or flash write cycle. A high 
WB/ME can be used at the beginning of a standard write 


or read cycle. 


D1/OE (Data Transfer/Output Enable). At the falling 
edge of RAS, CAS high and FWE and DT/OE low initiate 
a data transfer, regardless of the level of WB/WE. DT/OE 
high initiates conventional read or write cycles and 


controls the output buffer in the random access port. 


FWE (Flash Write Enable). If this signal is low and CAS 
and DT/OE are high at the falling ing edge of RAS, a read or 
write cycle is initiated. If FWE, CAS and DT/OE are high at 
the falling edge of RAS, either a color register set cycle or 
flash write cycle is initiated, depending on the level of 
WB/WE. 

SO o-SO3 (Serial Data Output). Four-bit data is read 
from these pins. Data remains valid until the next SC 
signal is activated. 


SC (Serial Control). Repeatedly activating this signal 
causes serial read cycles (starting from the location 
specified in the data transfer cycle) to be executed 
within the 2,048 bits in the data register. The rising edge 
of SC activates serial read operation, in which four of the 
2,048 data bits are transferred to four serial data buses, 
respectively, and read out. Whenever SC is low, the serial 
port is in standby. 


SOE (Serial Output Enable). This signal controls the 
serial data output buffer. 
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Block Diagram 
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OPERATION 


The pPD42274 consists of a random access port and a 
serial read port. The random access port executes 
standard read and write cycles as well as data transfer 
and flash write cycles, all of which are based on conven- 
tional RAS/CAS timing. 


In a data transfer, data in each storage cell on the 
selected row is transferred simultaneously through a 
transfer gate to its corresponding register location (un- 
less the flash write option is used to write an entire row 
of data to predetermined values). The serial read port 
shows the contents of the data register in serial order. 
The random access and serial read ports can operate 
asynchronously, except when the transfer gate is turned 
on during the data transfer period. 





Data 
{Acland 





Selector 





Addressing 


The storage array is arranged in a 512-row by 2048- 
column matrix, whereby each of 4 data bits in the 
random access port corresponds to 262,144 storage 
cells and 18 address bits are required to decode one cell 
location. Nine row address bits are set up on pins Ag 
through Ag and latched onto the chip by RAS. Nine 
column address bits then are set up on pins Ag through 
Ag and latched onto the chip by CAS. All addresses must 
be stable, on or before the falling edges of RAS and CAS. 
Whenever RAS is activated, 2048 cells on the selected 
row are sensed simultaneously and the sense amplifiers 


arttamatically ra 
automatically restore the data. CAS serves as a chip 


selection signal to activate the column decoder and the 
input and output buffers. 
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Through 1 of 512 column decoders, 4 storage cells on 
the row are connected to 4 data buses, respectively. Ina 
data transfer cycle, 9 row address bits are used to select 
1 of the 512 possible rows involved in the transfer of data 
to the data register. Nine column address bits are then 
used to select the 1 of 512 possible serial decoders that 
corresponds to the starting location of the next serial 
read cycle. In the serial read port, when SC is activated, 
4 data bits in the 2048-bit data register are transferred to 
4 serial data buses and read out. Activating SC repeat- 
edly causes serial read cycles (starting from the loca- 
tion specified in the data transfer cycle) to be executed 
within the 2048 bits in the data register. 


Random Access Port 


An operation in the random access port begins with a 
negative transition of RAS. Both RAS and CAS have 
minimum pulse widths, as specified in the timing table, 
which must be maintained for proper device operation 
and data integrity. Once begun, a cycle must meet all 
specifications, including minimum cycle time. To reduce 
the number of pins, the following are multiplexed. 

° WOE 

e WB/WE 

@ W/O; (i = 0, 1, 2, 3) 

The OE, WE and IO; functions represent standard oper- 
ations, while DT, WB, and W; are special inputs to be 
applied in the same way as row address inputs, with 
setup and hold times referenced to the negative transi- 
tion of RAS. 


The level of DT determines whether a cycle is a random 
access operation or a data transfer operation. WB af- 
fects only write cycles and determines whether or not 
the write-per-bit capability is used. Wj defines data bits 
to be written with the write-per-bit option. In the follow- 
ing discussions, these multiplexed pins are designated 
as DT(/OE), for example, depending on the function 
being described. 


To use the uPD42274 for random access, DT(/OE) must 
be high as RAS falls. Holding DT(/OE) high disconnects 
the 2048-bit register from the corresponding 2048-digit 
lines of the storage array. Conversely, to execute a data 
transfer, DT(/OE) must be low as RAS falls to open the 
2048 transfer gates and transfer data from one of the 
rows to the register. 
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Truth Table for the Random Access Port 


CAS Di/OE WB/WE FWE Cycle 


H H H L Read or write (Note 1) 

H H L L Mask write (Note 2) 

H L X L Read data transfer (Note 3) 

H L H H 

L X 4 X CAS before RAS refresh (Note 4) 
H H H H Color register set (Note 5) 

H H L H Flash write/write-per-bit (Note 6) 
Notes: 


(1) Initiates a normal read or write cycle and disables the write-per- bit 
capability. 


(2 


~~ 


Enables the write-per-bit capability, where individual bits can be 
selected or masked for a write cycle. Four-bit masked data is 
latched at the falling edge of RAS and reset at the rising edge of 
RAS. 


(8) Initiates a read data transfer cycle. 
(4) Initiates a CAS before RAS refresh cycle. As RAS falls, WB/WE, 
DT/OE and FWE = don't care. 


(5) Defines a color register set cycle, where data in the register can 
be accessed in a read or write cycle. 


Initiates a flash write cycle, where the storage cells on an entire 

selected row can be set with write-per-bit control to the same data 
stored in the color register. As RAS falls, DI/OE = don't care. To : 
avoid un-intended flash write operation, the FWE pin should be 
grounded, If grounding the FWE pin is not possible, use the 
non-flash write version uPD42273. 


(7) X = don't care. 
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Read Cycle. A read cycle is executed by activating RAS, 
CAS, and OE and by maintaining (WB/)WE while CAS is 
active. The (W,)IO; pin (i = 0, 1, 2, 3) remains in high 
impedance until valid data appears at the output at 
access time. Device access time, tacc, will be the 
longest of the following four calculated intervals: 

* trac 

e RAS to +CAS delay (tacp) + tcac 

@ RAS to column address delay (trap) + taa 

@ RAS to OE delay + tog, 


Access times from RAS (trac), from CAS (tcac), from the 
column addresses (tga), and from ( OE (toga) are device 
parameters. The RAS-to-CAS, RAS-to-column address, 
and RAS-to-OE delays are system-dependent timing 
parameters. Output becomes valid after the access time 
has elapsed and it remains valid while both CAS and OE 
are low. Either CAS or OE high returns the output pins to 
high impedance. 
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Write Cycle. A write cycle is executed by bringing 
(WB/)WE low during the RAS/CAS cycle. The falling edge 
of CAS or (WB/)WE strobes the data on (W,/)IO; into the 
on-chip data latch. To make use of the write-per-bit 
option, WB(/WE) must be low as RAS falls. In this case, 
write data bits can be specified by keeping W,(/IO;) high, 
with setup and hold times referenced to the negative 
transition of RAS. 


For those data bits of W;(/IO;) that are kept low as RAS 
falls, write operation is inhibited on the chip. If WB(/WE) 
is high as RAS falls, the write-per-bit option is not used 
and a write cycle is executed for all four data bits. 


Early Write Cycle. An early write cycle is executed by 
bringing (WB/)WE low before CAS falls. Data is strobed 
by CAS, with setup and hold times referenced to this 
signal, and the output remains in high impedance for the 
entire cycle. As RAS falls, 3, (DT/)OE must meet the setup 
and hold times of a high DT, but otherwise (DT/)OE does 
not affect any circuit operation while CAS is active. 


Read-Write/Read-Modify-Write Cycle. This cycle is ex- 
ecuted by bringing (WB/)WE low with the RAS and CAS 
signals low. (W;/)IO; shows read data at access time. 
Afterward, in preparation for the upcoming write cycle, 
(W;/)IO; returns to high impedance when (OT|)OE goes 
high. The data to be written is strobed by (WB/)WE, with 
setup and hold times referenced to this signal. 


Late Write Cycle. This cycle shows the timing flexibility 
of (DT/)OE, which can be activated just after (WB/)WE 
falls, even when (WB/)WE is brought low after CAS. 


Refresh Cycle. A cycle at each of the 512 row addresses 
(Ap through Ag) will refresh all storage cells. Any cycle 
executed in the random access port (i.e., read, write, 
refresh, data transfer, color register set, or flash write) 
refreshes the 2048 bits selected by the RAS addresses or 
by the on-chip refresh address counter. 


RAS-Only Refresh Cycle. A cycle having only RAS 


active refreshes all cells in one row of the storage array. 
A high CAS is maintained while RAS is active to keep 
(W,/)IO; in high impedance. This method is preferred for 
refreshing, especially when the host system consists of 
multiple rows of random access devices. The data out- 
puts may be OR-tied with no bus contention when 
RAS-only refresh cycles are executed. 
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CAS Before RAS Refresh Cycle. This cycle executes 
internal refreshing using the on-chip control circuitry. 
Whenever CAS is low as RAS falls, this circuitry auto- 
matically refreshes the row addresses specified by the 
internal counter. In this cycle, the circuit operation based 
on CAS is maintained in a reset state. When internal 
refreshing is complete, the address counter automati- 
cally increments in preparation for the next CAS before 
RAS cycle. 


Hidden Refresh Cycle. This cycle is executed after a 
read cycle, without disturbing the read data output. Once 
valid, the data output is controlled by CAS and OE. After 
the read cycle, CAS is held low while RAS goes high for 
precharge. A RAS-only cycle is then executed (except 
that CAS is held at a low level instead of a high level) and 
the data output remains valid. Since hidden refreshing is 
the same as CAS before RAS refreshing, the data output 
remains valid during either operation. 


Fast-Page Cycle. This feature allows faster data access 
by keeping the same row address while successive 
column addresses are strobed onto the chip. Maintain- 
ing RAS low while successive CAS cycles are executed 
causes data to be transferred at a faster rate because 
row addresses are maintained internally and do not have 
to be reapplied. In fast-page operation, read, write and 
read-write/read-modify-write cycles may be executed. 
Additionally, the write-per-bit control specified in the 
entry write cycle is maintained throughout the next 
fast-page write cycle. 


During a fast-page read cycle, the (W/)IO; data pin (i = 0, 
1, 2, or 3) remains in a state of high impedance until valid 
data appears at the output pin at access time. Device 
access time in this cycle will be one of the following 
calculated intervals: 


Fast-Page Access Time 


Calculated Interval Conditions 
tac tasc 2. tcp and tcp <= tcp (max) 
taa tasc = tasc (max) and tcp = tcp (max) 
tasc = tcp and tcp = tcp (max) 


tcac tasc = tasc (max) and tcp < tcp (max) 
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Data Transfer Cycle. A data transfer is executed by 


bringing DT(/OE) and FWE low as RAS falls. The speci- 


fied 1 of the possible 512 rows involved in the data 


transfer, as well as the starting location of the following _ 


serial read cycle in the serial read port, are defined by 
address inputs. DT(/OE) must be low for a specified time, 
measured from RAS and CAS. so that the data transfer 
condition may be satisfied. The low-to-high transition of 
DT causes two operations through the data transfer 
gates: column address buffer outputs are transferred to 
the serial address counters, and storage cell data ampli- 
fied on digit lines is transferred to the data register. RAS 
and CAS must be low during these operations to keep 
the data in the random access port. 


Color Register Set Cycle. A color register set cycle is 
executed in the same fashion as a conventional read or 
write cycle, with the level of WE high as RAS falls. In this 
cycle, read or write operation is available to the color 
register under the control of WE. In read operation, color 
register data is read out on the common IO; pins. In write 
operation, common IO; data can be written into the color 
register. RAS-only refreshing is internally performed on 
the row selected by Ag through Ag in.this cycle. 


Flash Write Cycle. A flash write cycle can clear or set 
each of the four 512-bit data sets on the one row selected 
from among the 512 possible rows according to data 
stored in the color register. Bit mask inputs are latched 
as RAS falls. This cycle is useful in graphics processing 
applications when the screen should be cleared or set to 
some uniform value as quickly as possible. 


Serial Read Port 


The serial read port is only used to serially read the 


contents of the data register starting from a specified — 


location. The entire operation, therefore, follows the data 
transfer cycle. The only condition under which the serial 
read port must synchronize with the random access 
port is when the positive transition of DT(/OE) must 
occur within a specified period in an SC cycle. Except for 
this cycle, the serial read port can, operate asynchro- 
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nously. The output data appears at.SO; after an access 
time of tsca, measured from SC high, only when SOE is 


"maintained low. The SC cycle which includes the posi- 


tive transition of DT(/OE) shows old data in the data 
register; subsequent SC. cycles. show new data trans- 
ferred to the data register serially and in a looped 
manner. The serial output is maintained until the next SC 
signal is activated. SOE controls the impedance of the 
serial output to allow multiplexing of more than one bank 
of uPD42274 graphics buffers into the same external 
circuitry. When SOE is at a low logic level, SO; is enabled 
and the proper data is read. When SOE is at a high logic 
level, SO; is disabled and in a state of high impedance. 


Recommended Operating Conditions 


Parameter Symbol Min Typ Max Unit 
Supply voltage Voc 45 5.0 5.5 Vv 
Input voltage, high Vin 2.4: 5.5 Vv 
Input voltage, low Vit -1.0 0.8 Vv 


Ambient temperature Ta, 0 70 °C 


Capacitance 
Ta = 0 to +70°C; Vog = +5.0V +10%; f =1 MHz; GND = OV 


“ Parameter Symbol Limit (max) Unit Pins Under Test 
Input Cia) 5 pF Ag through Ag 
capacitance C\aTOR 8 pF DOE 

CiWB/we) 8 pF WB/WE 
C\(Fwe) 8 pF FWE 
Ci(RAS) 8 pF RAS 
C\(Cas) 8 pF CAS 
CiS0E) 8 pF SOE 
Cis) 8 pF SC 
Input/output Cig wo) 7 PF Wo/lOg through W3/IO3 


capacitance 


Output 
capacitance 


pF SOg through SO3 


N 


Co (so) 
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Power Supply Current 
Ta.= 0 to + 70°C; Veg = +5.0 V +10%; GND = OV 




















Port Operation 
Random uPD42274-10 y»PD42274-12 
Access Serial Read Parameter (max) (max) Unit Test Conditions 
Read/write Standby loci 95 85 mA _ RAS, CAS cycling; FWE low as RAS falls; 
cycle tro = taco min; SOE = Vy; SC = Viy or Vi 
Standby Standby loce 4 4 mA CAS = RAS = Vi; SOE = Vin; 
SC = Vip or Vi 
RAS- only . Standby loos 95 85 mA RAS cycling; CAS = Vj; FWE low as RAS falls; 
refresh cycle tac = tac min; SOE = Viyq; SC = Viy or Vu 
; (Note 2) 
Fast-page cycle Standby loca 90 80 mA RAS = Vj; CAS cycling; tpo = tpc min ; SOE 
= Vin; SC = Viy or Viz (Note 3) 
CAS before Standby loos 95 85 mA CAS low as RAS falls; tao = tro min; 
RAS refresh. SOE = Vini Sc = Vin or Vin 
cycle 
Data transfer Standby loce 135 120 mA DT low as RAS falls; tac = tao min; 
cycle SOE = Vyy; SC = Viy or Vi 
Read/write Active loc7 120 105 mA _ RAS and CAS cycling; FWE low as RAS falls; 
cycle tac = tac min SOE = Vj; SC cycling; 
tsco = tsco min 
Standby Active locs 30 25 mA CAS = RAS = Vip; SOE = Viz; SC cycling; 
tscc = tsco min 
~ RAS-only Active Iocg 120 105 mA _ RAS cycling; CAS = Vjy; FWE low as RAS falls; 
refresh cycle trac = tac min; SOE = Vj,; SC cycling; 
tscc = tscc min 
Fast-page cycle Active locio 115 100 mA RAS = Vi; CAS cycling; tpco = tpo. min ; SOE 
= Vit; SC cycling; tg¢c = tgcc min (Note 3) 
CAS before Active loci 120 105 mA CAS low as RAS falls; tag. = tao min; 
RAS refresh SOE = Vi; SC cycling; tgsc¢ = tscco min 
cycle 
Data transfer Active Ioc12 160 140 mA DT low as RAS falls; tao = tao min; SOE = Vi; 
cycle SC cycling; tscc = tscc min 
Color register Standby locis 95 85 mA __ FWE and WB/WE high as RAS falls; 
set cycle tro = tac min; SOE = Vy; SC = Viy or Vi 
Flash write Standby loc14 95 85 mA FWE high and WB/WE low as RAS falls; 
cycle tac = trac min; SOE = Vyy; SC = Vy or Vii 
Color register Active loois 120 105 mA — FWE and WB/WE high as RAS falls; tag = tro 
set cycle min; SOE = Vj; SC cycling; tsc¢ = tscc min 
Flash write Active loct6 120 105 mA —_FWE high and WB/WE low as RAS falls; 
cycle tac = tac min; SOE = Vj; SC cycling; 
tscc = tscc min 
Notes: 


(1) No load on 10; or SOj. Except for loca, loca, locg, and loc44, real 
values depend on output loading in addition to cycle rates. 


(2) CAS is not clocked, but is kept at a stable high level. The column 
addresses are also assumed to be kept stable, at either a high or 
low level. 


(8) A change in column addresses must not occur more than once in 
a fast-page cycle. 
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DC Characteristics 


Ta = Oto +70°C; Vog = +5.0V 10%; GND = OV 





Parameter Symbol Min Max Unit Test Conditions 
Input leakage current Ue ~10 10 HA Vin = Oto 5.5 V; all other pins not under test = OV 
Output leakage current lot -10 10 A Dout (10; SO) disabled; Vout = 0 to 5.5 V 
Random access port output voltage, high VoHi(R) 2.4 V lon(R) = -2 mA 
Random access port output voltage, low VoL(r) 0.4 V loin) = 4.2 mA 
Serial read port output voltage, high VonHis) 2.4 V lon(s) = -1 mA 
Serial read port output voltage, low Vous) 0.4 V lors) = 2.1 mA 
AC Characteristics 
Ta = 0 to +70°C; Vog = +5.0V +10%; GND = OV 
uPD42274-10 pPD42274-12 
Parameter Symbol Min Max Min Max Unit Test Conditions 
Switching Characteristics 
Access time from RAS trac 100 120 ns (Notes 3, 4 and 12) 
Access time from falling edge of CAS tcac 25 30 ns (Notes 3, 4, 13, 14 and 15) 
Access time from column address tan 55 65 ns (Notes 3, 4, 14 and 15) 
Access time from rising edge of CAS tacp 55 65 ns (Notes 3 and 4) 
Access time from OE toca 25 30 ns (Notes 3 and 4) 
Serial output access time from SC tsca 30 40 ns {Notes 3 and 18) 
Serial output access time from SOE tsoa 25 30 ns _—_ (Note 3) 
Output disable time from CAS high torF ) 25 0 30 ns _—_ (Note 5), 
Output disable time from OE high toez 0 25 ) 30 ns (Note 5) 
Serial output disable time from SOE high tsoz 0 15 ) 20 ns (Note 5) 
SOE low to serial output setup delay tsoo 5 5 ns 
Serial output hold time after SC high tson 5 5 ns 
Timing Requirements 
Random read or write cycle time tro 190 220 ns (Note 11} 
Read-write/read-modify-write cycle time tawc 255 295 ns (Note 11) 
Fast-page cycle time tpc 60 70 ns (Note 11) 
Fast-page read-write/read-modify-write cycle tprwo 125 145 ns (Note 11) 
time 
Rise and fall transition time tr 3 50 3 50 ns (Notes 3, 10 and 18) 
RAS precharge time trp 80 90 ns (Note 18) 
RAS pulse width tras 100 10,000 120 10,000 ns 
Fast-page RAS pulse width trasp 100 100,000 120 100,000 ns 
RAS hold time tRsH 25 30 ns 
CAS precharge time (nonpage cycle) topn 10 15 ns 
Fast-page CAS precharge time top 10 25 15 30 ns 
CAS pulse width tcas 25 10,000 30 10,000 ns 
CAS hold time tosu 100 120 ns 
RAS to CAS delay trop 25 75 25 90 ns (Note 4) 
CAS high to RAS low precharge time torp 10 10 ns (Note 16) 
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AC Characteristics (cont) 








i” ; pPD42274-10 . PD42274-12 
Parameter __. Symbol Min Max Min Max Unit. Test Conditions 
Timing Requirements (cont) ; : 
Row address setup time oh” tygp 0 he Puivic- 2 20 ns 
Row address hold time , tRAH 12 es ns 
Column address setup time tasc oO 2a Ct 0 30 ns (Note 15) 
Column address hold time tcaH 15 20 ns 3 
RAS to column address delay time “trap 17. 45 20°55 ns (Notes 9 and 14) 
Column address to RAS lead time tRaL 55 65 ns 
Read command setup time tacs 0 0 ns 
Read command hold time after RAS high =. trran 0 oo ee 10 ns (Note 6) 

Read command hold time after CAS high. tac oO. - 0. ns _— (Note 6) 

Write command setup time twos 0 0 ns. (Note 7) 
Write command hold time twcH 20 30 ns 

Write command pulse width twp 20 25 ns (Note 17) 
Write command to RAS lead time tawL 30- 35 ns 

Write command to CAS lead time tow. 30 35 ns. 

Data-in setup time tps oO 0 ns _— (Note 8) 

Data-in hold time ‘ - tox 20 25 ns. (Notes) 

. Column address to WE delay - tawo 85 , 100 ns (Note7) 

CAS to WE delay ; - tewp 55 65 ns __ (Note 7) 
RAS to WE delay , tawp - 130 , 155 ns. (Note 7) 
OE high to data-in setup delay toeD ~ 30 25-3 35 ns. , 
OE high hold time after WE low toEH 25 30 ns 

CAS before RAS refresh setup time tosR 0 0 ns 
CAS before RAS refresh hold time ~” tcHR 5 20 ns 
RAS high to CAS low precharge time tapc 0 0 ns 7 
Refresh interval tReF 8 8 ms Addresses Ag through Ag 
DT low setup time . tots 0 "0 ns 
DT low hold time after RAS low troy 80 90 ns (Note 18) 
DT low hold time after CAS low tcpH 30 35 ns 
SC high to DT high delay tspp 10 . 15 ns 
SC low hold time after DT high tspH 10 15 ns 
Serial clock cycle time tscc 30 40 ns (Note 11) 
SC pulse width tscH 10 15 ns 
SC precharge time tscr 10 15 ns 
DT high setup time tpHs 0 0 ns . 
DT high hold time tony 15. . 20... ns 
DT high to RAS high delay - . torr 10 10 ns 
DBT high to CAS high delay ae . toto. 5 5 : ns 
OE to RAG inactive setuptime - toes 10 10 ns 
Write-per-bit setup time oa twes oO 0 7 ns 





10 


NEC 


pPD42274 





AC Characteristics (cont) 





pPD42274-10 


uPD42274-12 





Parameter Symbol Min Max Min Max Unit Test Conditions 
Timing Requirements (cont) 

Write-per-bit hold time twBH 15 20 ns 

Flash write enable setup time tews 0 0 ns 

Flash write enable hold time tewH 15 20 ns 

Write bit selection setup time tws 0 0 ns 

Write bit selection hold time twH 15 20 ns 

SOE pulse width tsog 10 15 ns 

SOE precharge time tsop 10 15 ns 

DT high hold time after RAS high toTH 15 20 ns 





Notes: 


(1) 
(2) 


(3) 


(4) 


(5) 


(6) 


All voltages are referenced to GND. 


An initial pause of 100 us is required after power-up, followed by 
any eight RAS cycles and four data transfer (DT) cycles, before 
proper device operation is achieved. 


See input/output timing waveforms for timing reference voltages. 
See figures 3 and 4 for output loads. 


Operation within the trop (max) limit ensures that trac (max) 
can be met. The tacp (max) limitis specified as a reference point 
only. If taop is greater than the specified taop (max) limit, access 
time is controlled exclusively by toac, toea,, OF taa- 


An output disable time defines the time at which the output 
achieves the open-circuit condition and is not referenced to 
output voltage levels. 


Either tany or tacy must be satisfied for a read cycle. 


twos: tawp: tcwp: and tawp are restrictive operating parameter 
in read-write and read-modify-write cycles only. If twos = twos 
(min), the cycle is an early write cycle and the data output will 
remain open-circuit throughout the entire cycle. If tawp = tawp 
(min), tcwo 2 tcwp (min), and tawp = trwp (min), the cycle is 
a read-write cycle and the data output will contain data read from 
the selected cell. If neither of the above conditions is met, the 
condition of the data out (at access time and until CAS returns to 
Vir) is indeterminate. 


These parameters are referenced to the falling edge of CAS in 
early write cycles and to the falling edge of (WB/)WE in delayed 
write or read-modify-write cycles. 


Assumes that trap (min) = tray (min) + typical ty of 5 ns. 


Vin (min) and Vi, (max) are reference levels for measuring the 
timing of input signals. Additionally, transition times are mea- 
sured between Viy and Viz. 


(11) The minimum specifications are used only to indicate the cycle 
time at which proper operation over the full temperature range 
(Ta = 0 to +70°C) is assured. 


(12) Assumes that taop = tacp (max) and trap = trap (max). If 
trop or trap is greater than the maximum recommended value 
in this table, tac increases by the amount that tacp or trap 
exceeds the value shown. 


(13) Assumes that tacp= tacp (max) and tran = trap (max). 
(14) Iftpap = trap (max), then the access time is defined by taa. 


(15) For fast-page read operation, the definition of access time is as 
follows. 


CAS and Column Address 


Input Conditions Access Time Definition 


top < tcp (max), tasc2 top tacp 
tcp = tcp (max), tasc < top tAA 
tcp = tcp (max), tasc <tasc (max) taa 
tcp = tcp (max), tasc = tasc (max) tcac 


(16) The tcopp requirement is applicable for RAS/CAS cycles pre- 
ceded by any cycle. 


(17) Parameter twp is applicable for a delayed write cycle such as a 
read-write/read-modify-write cycle. For early write operation, 
both twcsg and twcoH must be met. 


(18) Improvement in parameters tany, tap and tgc, are planned for 
process versions “x” and “m”. Please contact your NEC sales 
office for details. 


(19) Ac measurements assume ty =5 ns. 


pPD42274 N’: KE C 


Figure 1. Input Timing 





Figure 3. Output Load in Random Access Port 





Figure 4. Output Load in Serial Read Port 
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Timing Waveforms 


Read Cycle 


Address 


OX 
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Timing Waveforms (cont) 


Early Write Cycle 
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Timing Waveforms (cont) 


Late Write Cycle 
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Timing Waveforms (cont) 


Read-Write/Read-Modify-Write Cycle 


Address 
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Timing Waveforms (cont) 


RAS-Only Refresh Cycle 
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Timing Waveforms (cont) 


CAS Before RAS Refresh Cycle 


Address 
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Timing Waveforms (cont) 
Hidden Refresh Cycle 
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Timing Waveforms (cont) 


Fast-Page Read Cycle 
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Timing Waveforms (cont) 


Fast-Page Write Cycle 
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Timing Waveforms (cont) 


Fast-Page Read-Modify-Write Cycle 
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Timing Waveforms (cont) 


Color Register Set Cycle 
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Timing Waveforms (cont) 


Flash Write Cycle 


Address 
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Timing Waveforms (cont) 


Data Transfer Cycle with Serial Port Active 
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Timing Waveforms (cont) 


Data Transfer Cycle with Serial Port in Standby 


Address 
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High Impedance 
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Timing Waveforms (cont) 


Serial Read Cycle 
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Description 


The uPD42274-80 is a dual-port graphics buffer 
equipped with a 256K x 4-bit random access port anda 
512 x 4-bit serial read port. The serial read port is 
connected to an internal 2048-bit data register through 
a 512 x 4-bit serial read output circuit. The random 
access port is used by the host CPU to read or write 
data addressed in any desired order. A write-per-bit 
Capability allows each of the four data bits to be 
individually selected or masked for a write cycle. Fur- 
thermore, a flash write option with write-per-bit control 
enables data in the color register to be written to a 
selected row in the random access port. 


The uPD42274-80 features fully asynchronous dual ac- 
cess, except when transferring stored graphics data 
from a selected row of the storage array to the data 
register. During a data transfer, the random access port 
requires a special timing cycle using a transfer clock; 
the serial read port continues to operate normally. 
Following the clock transition of a data transfer, serial 
output data changes from an old line to a new line and 
the starting location on the new line is addressable in 
the data transfer cycle. | 


An advanced CMOS silicon-gate process using poly- 
cide technology and trench capacitors provides high 
storage cell density, high performance, and high reli- 
ability. 


Refreshing is accomplished by means of RAS-only 
refresh cycles or by normal read or write cycles on the 
512 address combinations of Ag through Ag during an 
8-ms period. Automatic refreshing, by means of either 
hidden refreshing or the CAS before RAS timing and 
on-chip internal refresh circuitry, is also available. The 
transfer of a row of data from the storage array to the 
data register also refreshes that row automatically. 


Ail inputs and outputs, including clocks, are TTL- 
compatible. All address and data input signals are 
latched on-chip to simplify system design. Data output 
is unlatched to allow greater system flexibility. 


The pPD42274-80 is available in a 28-pin plastic ZIP or 
28-pin plastic SOJ and is guaranteed for operation at 0 
to + 70°C. 
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ppPD42274-80 
Dual-Port Graphics Buffer 


Features 


oO 


nbDooodoaoosa 


Three functional blocks 

— 256K x 4-bit random access storage array 

— 2048-bit data register 

— 512 x 4-bit serial read output circuit 

Two data ports: random access and serial read 

Dual-port accessibility except during data transfer 

Addressable start of serial read operation 

Real-time data transfer 

Single + 5-volt power supply 

On-chip substrate bias generator 

Random access port __ com 

— Two main clocks: RAS and CAS 

— Multiplexed address inputs 

— Direct connection of I/O and address lines 
allowed by OE to simplify system design 

— 512 refresh cycles every 8 ms 

— Read, early write, late write, read-write/read- 
modify-write, RAS-only refresh, and fast-page 
cycles 

— Automatic internal refreshing by means of the 
CAS before RAS on-chip address counter 

—CAS-controlled hidden refreshing 

— Write-per-bit option regarding four I/O bits 

— Write bit selection multiplexed on 109-lO3 

Flash write option with write-per-bit control 

RAS-activated data transfer 

— Same cycle time as for random access 

— Row data transferred to data register as 
specified by row address inputs 

— Starting location of following serial read cycle 
specified by column address inputs 

— Transfer of 2048 bits of data on one row to the 
data register, and the starting location of the 
serial read circuit, activated by a low-to-high 
transition of DT 

— Data transfer during real-time operation or 
standby of serial port 

Fast serial read operation by means of SC pins 

Serial data output on SO9-SO3 

Direct connection of multiple serial outputs for 

extension of data length 

Fully TTL-compatible inputs, outputs, and clocks 

Three-state outputs for random and serial access 

CMOS silicon-gate process with trench capacitors 
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Pin Configurations 


28-Pin Plastic SOJ 








Ordering Information 


Row Access Serlal Access 


PartNumber Time (max) Time (max) 
uUPD42274LE-80 80 ns : 25 ns 
UPD42274V-80 80 ns ' 25ns 


Recommended Operating Conditions — 





Parameter Symbol Min Typ = Max — Unit 
Supply voltage Voc 45 5.0 5.5 Vv 
Input voltage, high Vin 2.4 5.5 V 
Input voltage, low Vi -1.0 — 08 V 
Ambient temperature Ta 0 70 °C 


28-pin plastic SOU 
28-pin plastic ZIP 


Pin Identification 





Symbol Function 

Ao - Ag Address inputs 
Wo/lOg - Wa/lO3 Write-per-bit selects/data inputs and outputs 
RAS Row address strobe 

CAS Column address strobe 

WB/WE Write-per-bit/write enable 

DIE Data transfer/output enable 

FWE_ Flash write enable 

$Opo - SOg Serial read outputs 

sc Serial control 

SOE Serial output enable 

GND Ground 

Voc +5-volt power supply 

NC . No connection 





Absolute Maximum Ratings 





-1.0 to +7.0V 





Voltage all pins relative to GND, Va 

Operating temperature, Topa 0 to + 70°C 
Storage temperature, TgTg 55 to + 125°C 
Short-circuit output current, log '  5OmA 
Power dissipation, Pp 1.5 W 





Exposure to Absolute Maximum Ratings for extended periods may. 
affect device reliability; exceeding the ratings could cause perma-. 
nent damage. The device should be operated within the limits 
specified under DC and AC Characteristics. 


Capacitance 
Ta = Oto +70°C; Vog = +5.0V +10%; f =1 MHz; GND = OV 


Limit ; 
(max) Unit Pins Under Test 





Parameter Symbol 


Input Cia) 5 pF Ag through Ag 
capacitance CTO 8 pF DYVOE 

Cwwewe) 8 pF WBWE 

Ci(FWE) 8 pF FWE 

C\RAS) 8 pF RAS 

Cycas).: 8 pF CAS 

CySOE) 8 pF SOE 

_ Cyge) 8 pF sc ; 

Input/output Cio wwyio) 7 pF § Wo/IOo through W3/lO3 
capacitance 
Output Co (S0) 7 pF SOpo through SOg 


capacitance 
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Block Diagram 


pPD42274-80 
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Generator 


Pin Descriptions 


Ao-Ag (Address Inputs). These pins are multiplexed as 
row and column address inputs. Each of four data bits 
in the random access port corresponds to 262,144 
storage cells, which means that nine row addresses 
and nine column addresses are required to decode one 
cell location. Nine row addresses are first used to 
select one of the 512 possible rows for a read, write, 
data transfer, or refresh cycle. Nine column addresses 
are then used to select the one of 512 possible column 
decoders for a read or write cycle or the one of 512 
possible starting locations for the next serial read 
cycle, (Column addresses are not required in RAS-only 
refresh or flash write cycles.) 


Wo/lOo-W3/l03 (Write-Per-Bit Inputs/Common Data 
Inputs and Outputs). Each of the four data bits can be 
individually latched by these inputs at the falling edge 
of RAS in awrite or flash write cycle, and then updated 
at the next falling edge of RAS. In a read cycle, these 
pins serve as outputs for the selected storage cells. In 
awrite cycle, data input on these pins is latched by the 
falling edge of CAS or WE. 


RAS (Row Address Strobe). This pin is functionally 
equivalent to a chip enable signal in that whenever it is 


Data 4 
Register 
SRRCREE ee eee 





activated, the 2,048 storage cells of a selected row are 
sensed simultaneously and the sense amplifiers re- 
store all data. The nine row address bits are latched by 
this signal_and must be stable on or before its falling 


edge. CAS, DI/OE WB/WE, and FWE are simulta- 
neously latched to determine device operation. 


CAS (Column Address Strobe). This pin serves as a 
chip selection signal to activate the column decoder 
and the input/output buffers. The nine column address 
bits are latched at the falling edge of CAS. 


WB/WE (Write-Per-Bit Control/Write Enable). At the 
falling edge of RAS, the WB/WE and FWE inputs must 
be low and CAS and DT/OE high to enable the write- 
per-bit option. When C CAS, DT/OE, and FWE are high at 
the falling edge of RAS, the level of this signal indicates 
either a color register set cycle or flash write cycle. A 
high WB/WE can be used at the beginning of a stan- 
dard write or read cycle. 


DT/OE (Data Transfer/Output Enable). At the falling 
edge of RAS, CAS high and FWE and DT/OE low initiate 
a data transfer, regardless of the level of WB/WE. DT/OE 
high initiates conventional read or write cycles and 


controls the output buffer in the random access port. 


uPD42274-80 


FWE (Flash Write Enable). if this signal is low and CAS 
and DT/OE are high at the falling edge of RAS, a read or 
write cycle is initiated. If FWE, CAS and DT/OE are high 
at the falling edge of RAS, either a color register set 
cycle or flash write cycle is initiated, depending on the 
level of WB/WE. 


$Oy-SO3 (Serial Data Output). Four-bit data is read 
from these pins. Data remains valid until the next SC 
signal is activated. 


SC (Serial Control). Repeatedly activating this signal 
causes serial read cycles (starting from the location 
specified in the data transfer cycle) to be executed 
within the 2,048 bits in the data register. The rising edge 
of SC activates serial read operation, in which four of 
the 2,048 data bits are transferred to four serial data 
buses, respectively, and read out. Whenever SC is low, 
the serial port is in standby. 


SOE (Serial Output Enable). This signal controls the 
serial data output buffer. 


OPERATION 


The pPD42274-80 consists of arandom access port and 
a serial read port. The random access port executes 
standard read and write cycles as well as data transfer 
and flash write cycles, all of which are based on con- 
ventional RAS/CAS timing. 


In a data transfer, data in each storage cell on the 
selected row is transferred simultaneously through a 
transfer gate to its corresponding register location 
(unless the flash write option is used to write an entire 
row of data to predetermined values). The serial read 
port shows the contents of the data register in serial 
order. The random access and serial read ports can 
operate asynchronously, except when the transfer gate 
is turned on during the data transfer period. 


Addressing 


The storage array is arranged in a 512-row by 2048- 
column matrix, whereby each of 4 data bits in the 
random access port corresponds to 262,144 storage 
cells and 18 address bits are required to decode one 
cell location. Nine row address bits are set up on pins 
Ag through Ag and latched onto the chip by RAS. Nine 
column address bits then are set up on pins Ap through 
Ag and latched onto the chip by CAS. All addresses 
must be stable, on or before the falling edges of RAS 
and CAS. Whenever RAS is activated, 2048 cells on the 
selected row are sensed simultaneously and the sense 
amplifiers automatically restore the data. CAS serves 
as a chip selection signal to activate the column de- 
coder and the input and output buffers. 
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Through 1 of 512 column decoders, 4 storage cells on 
the row are connected to 4 data buses, respectively. In 
a data transfer, 9 row address bits are used to select 1 
of the 512 possible rows involyed in the transfer of data 
to the data register. Nine column address bits are then 
used to select the 1 of 512 possible serial decoders that 
corresponds to the starting location of the next serial 
read cycle. in the serial read port, when SC is activated, 
4 data bits in the 2048-bit data register are transferred 
to 4 serial data buses and read out. Activating SC 
repeatedly causes serial read cycles (starting from the 
location specified in the data transfer) to be executed 
within the 2048 bits in the data register. 


Random Access Port 


An operation in the random access port begins with a 
negative transition of RAS. Both RAS and CAS have 
minimum pulse widths, as specified in the timing table, 
that must be maintained for proper device operation 
and data integrity. Once begun, a cycle must meet all 
specifications, including minimum cycle time. 


Truth Table for the Random Access Port 


CAS DTOE WBWE FWE Cycle 


H H H L Read or write (Note 1) 

H H L L Mask write (Note 2) 

H L X L Read data transfer 

H L H H 

L X xX X CAS before RAS refresh (Note 3) 
H H H H Color register set (Note 4) 

H H L H Flash write/write-per-bit (Note 5) 
Notes: 


(1 


~ 


Initiates a normal read or write cycle and disables the write-per- 
bit capability. 

(2) Enables the write-per-bit capability, where individual bits can be 
selected or masked for a write cycle. Four-bit masked data is 
latched at the falling edge of RAS and reset at its rising edge. 


Initiates a CAS before RAS refresh cycle. As RAS falls, WB/WE 
and DI/OE and FWE = don't care. 


Defines a color register set cycle, where data in the register can 
be accessed in a.read or write cycle. 


(3 


~— 


(4 


= 


6) 


~~ 


Initiates a flash write cycle, where the storage cells on an entire 

selected row can be set with write-per-bit control to the same 

data stored in the color register. As RAS falls, DYOE = don't care. 

To avoid unintended flash write operation, the FWE pin should be 

grounded. If grounding the FWE pin is not possible, use the 
. non-flash write version of this part, the PD42273. 


(6) X = don’t care. 
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To miminize the number of pins, some are multiplexed. 
° DYE 

@ WB/WE 

e W/O; (i = 0, 1, 2, 3) 

OE, WE and IO; affect standard operations, while DT, 
WB, and Wj are special inputs to be applied inthe same 


way as row address inputs, with setup and hold times 
referenced to the negative transition of RAS. 


The level of DT determines whether a cycle is arandom 
access operation or data transfer operation. WB af- 
fects only write cycles and determines whether or not 
the write-per-bit capability is used. W; defines data bits 
to be written with the write-per-bit option. In the follow- 
ing discussions, these multiplexed pins are designated 
as DT(/OE), for example, depending on the function 
being described. 


To use the uPD42274-80 for random access, DT(/OE) 
must be high as RAS falls. Holding DT(/OE) high dis- 
connects the 2048-bit register from the corresponding 
2048-digit lines of the storage array. Conversely, to 
execute a data transfer, DT(/OE) must be low as RAS 
falls to open the 2048 transfer gates and transfer data 
from one of the rows to the register. 


Read Cycle. A read cycle is executed by activating 
RAS, CAS, and OE and by maintaining (WB/)WE while 
CAS is active. The (Wj/)IO; pin (i = 0, 1, 2, 3) remains in 
high impedance until valid data appears at the output 
at access time. Device access time, tacc, will be the 
longest of the following four calculated intervals: 

® trac , 

e RAS to +CAS delay (trop) + tcoac 

@ RAS to column address delay (trap) + tan 

@ RAS to OE delay + toga 


Access times from RAS (trac), from CAS (tcc), from 
the column addresses (taa), and from OE (toga) are 
device parameters. The RAS-to-CAS, RAS-to-column 
address, and RAS-to-OE delays are system-dependent 
timing parameters. Output becomes valid after the 
access time has elapsed andit remains valid while both 
CAS and OE are low. Either CAS or OE high returns the 
output pins to high impedance. 


Write Cycle. A write cycle is executed by bringing 
(WB/)WE_low low during the RAS/CAS cycle. The falling 
edge of CAS or (WB/WE strobes the data on (W,)IO; 
into the on-chip data latch. To make use of the write- 
per-bit option, WB(/WE) must be low as RAS falls. In this 
case, write data bits can be specified by keeping 
W;,(/IO)) high, with setup and hold times referenced to 
the negative transition of RAS. 


pPD42274-80 


For those data bits of W;(/IO;) that are kept low as RAS 
falls, write operation is inhibited onthe chip. If WB(/WE) 
is high as RAS falls, the write-per-bit option is not used 
and a write cycle is executed for all four data bits. 


Early Write Cycle. An early write cycle is executed by 
bringing (WB/)WE low before CAS falls. Data is strobed 
by CAS, with setup and hold times referenced to this 
signal, and the output remains in high impedance for 
the entire cycle. As RAS falls, (DT/)OE must meet the 
setup and hold times of DT high, but otherwise (DT/)OE 
does not affect any circuit operation while CAS is 
active. 


Read-Write/Read-Modify-Write Cycle. This cycle is ex- 
ecuted by bringing (WB/)WE low with the RAS and CAS 
signals low. (Wj/)|O; shows read data at access time. 
Afterward, in preparation for the upcoming write cycle, 
(W/O; returns to high impedance when (DT)OE goes 
high. The data to be written is strobed by (WB/)WE, 
with setup and hold times referenced to this signal. 


Late Write Cycle. This cycle shows the timing flexibility 
of (DT/)OE, which can be activated just after (WB/)WE 
falls, even when (WB/)WE is brought low after CAS. 


Refresh Cycle. A cycle at each of the 512 row ad- 
dresses (Ag through Ag) will refresh all storage cells. 
Any cycle executed in the random access port (i.e., 
read, write, refresh, data transfer, color register set, or 
flash write) refreshes the 2048 bits selected by the RAS 
addresses or by the on-chip refresh address counter. 


RAS-Only Refresh Cycle. A cycle having only RAS 
active refreshes all cel! in one row of the storage array. 
A high CAS is maintained while RAS is active to keep 
(W;/)IO; in high impedance. This method is preferred for 
refreshing, especially whe :the host system consists of 
multiple rows of ranuon, access devices. The data 
outputs may be OR-tied with no bus contention when 
RAS-only refresh cycles are executed. 


CAS Before RAS Refresh Cycle. This cycle executes 
internal refreshing using the on-chip control circuitry. 
Whenever CAS is low as RAS falls, this circuitry auto- 
matically refreshes the row addresses specified by the 
internal counter. In this cycle, the circuit operation 
based on CAS is maintained in a reset state. When 
internal refreshing is complete, the address counter 
automatically increments in preparation for the next 
CAS before RAS cycle. 


Hidden Refresh Cycle. This cycle is executed after a 
read cycle, without disturbing the read data output. 
Once valid, the data output is controlled by CAS and 
OE. After the read cycle, CAS is held low while RAS goes 
high for precharge. A RAS-only cycle is then executed 
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(except that CAS is held at a low level instead of a high 
level) and the data output remains valid. Since hidden 
refreshing is the same as CAS before RAS refreshing, 
the data output remains valid during either operation. 


Fast-Page Cycle. This feature allows faster data access 
by keeping the same row address while successive 
column addresses are strobed onto the chip. Maintain- 
ing RAS low while successive CAS cycles are executed 
causes data to be transferred at a faster rate because 
row addresses are maintained internally and do not 
have to be reapplied. In fast-page operation, read, 
write and read-write/read-modify-write cycles may be 
executed, Additionally, the write-per-bit contro! speci- 
fied in the entry write cycle is maintained throughout 
the next fast-page write cycle. 


During a fast-page read cycle, the (W,)IO; data pin (i = 
0, 1, 2, or 3) remains in a state of high impedance until 
valid data appears at the output pin at access time. 
Device access time in this cycle will be one of the 
following calculated intervals: 


Fast-Page Access Time 


Calculated Interval Conditions 
tace tasc 2 tcp and top < tcp (max) 
tan tasc $ tasc (max) and tcp = top (max) 
tasc = top and top = top (max) 
- toac tasc 2 tasc (max) andtop = tcp (max) 


Data Transfer Cycle. A data transfer is executed by 
bringing DT(/OE) and FWE low as RAS falis. The spec- 
ified 1. of the possible 512 rows involved in the data 
transfer, as well as the starting location of the following 
serial read cycle in the serial read port, are defined by 
address inputs. DT(/OE) r must be low for a specified 
time, measured from RAS and CAS, so that the data 
transfer condition may be satisfied. The low-to-high 
transition of DT causes two operations through the 
data transfer gates: column address buffer outputs are 
transferred to the serial address counters, and storage 
cell data amplified on digit lines is transferred to the 
data register. RAS and CAS must be low during these 
operations to keep the data in the random access port. 


Color Register Set Cycle. A color register set cycle is 
executed in the same fashion as a conventional read or 
write cycle, with the level of WE high as RAS falls. In this 
cycle, read or write operation is available to the color- 
register under the control of WE. In read operation, 
color register data is read out on the common IO; pins. 
In write. operation, common IO; data can be written into 
the color register. RAS-only refreshing is internally 
performed on the row selected by Ay through Ag in this 
cycle. 





Flash Write Cycle. A flash write cycle can clear or set 


each of the four 512-bit data sets on the one row 


selected from among the 512 possible rows according 
to data stored in the color register. Bit mask inputs are 
latched as RAS falls. This cycle is useful in graphics 
processing applications when the screen should be 
cleared or set to some uniform value as quickly as 
possible. 


Serial Read Port 


The serial read port is only used to serially read the 
contents of the data register starting from a specified 
location. The entire operation, therefore, follows the 
data transfer cycle: The only condition under which the 
serial read port must synchronize with the random 
access port is when the positive transition of DT(/OE) 
must occur within a specified period in an SC cycle. 
Except for this cycle, the serial read port can Operate 
asynchronously . The output data appears at SO; after 
an access time of tgsca, measured from SC high, only 
when SOE is maintained low. The SC C cycle which 
includes the positive transition of DT(/OE) shows old 
data in the data register; subsequent SC cycles show 
new data transferred to the data register serially and in 
a looped manner. The serial output is maintained until 
the next SC signal is activated. SOE controls the 
impedance of the serial output to allow multiplexing of 
more than one bank of PD42274-80 graphics buffers 
into:the same external circuitry. When SQE is at a low 
logic level, SO; is enabled and the proper data is read. 
When SOE is at-high logic level, SO; is disabled and in 
a state of high impedance. : on 
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DC Characteristics 
Ta = Oto +70°C; Vog = +5.0V +10%; GND = OV 





Parameter Symbol Min Typ Max Unit Test Conditions 
Input leakage current Iie -10 10 HA Vin = OV to Voc; all other pins not under test = OV 
Output leakage current lot -10 10 uA DouT (l0;, SO) disabled; Voyt = 0 V to Voc 
Random access port output voltage, high = Vor) 2.4 V lon(ny = -2 mA 
Random access port output voltage, low VoL) 0.4 V lot(py = 4.2 mA 
Serial read port output voltage, high Vou(s) 2.4 Vv lon(s) = -1 mA 
Serial read port output voltage, low Vous) 0.4 V lors) = 2.1 mA 
Power Supply Current 
Ta = Oto +70°C; Voco = +5.0 V +10%; GND = OV 
Port Operation 
Random Access Serial Read Parameter Max Unit Test Conditions 
Read/write cycle Standby loc 100 mA RAS, CAS cycling; FWE low as RAS falls; 
tro = trac min; SOE = Vin sc= Vin or VIL 
Standby Standby loce 4 mA CAS = RAS = Vip; SOE = Viy; SC = Viy or Vic 
RAS- only refresh cycle Standby loc3 100 mA RAS cycling; CAS = Viy; FWE low as RAS falls; 
tac = tac min; SOE = Vipq; SC = Vy or Vi_ (Note 2) 
Fast-page cycle Standby loca 75 mA RAS = VL; CAS cycling; tpg = tpo min; SOE = Vip; 1 2e 
SC = Vip or Vii (Note 3) 
CAS before RAS Standby locos 100 mA CAS low as RAS falls; tag = tag min; SOE = Vin; 
refresh cycle SC = Vip or Vit 
Data transfer cycle Standby loce 125 mA DT low as RAS falls; tag = he min; SOE = Vy; 
SC = Vin or ViL 
Read/write cycle Active loc7 135 mA RAS and CAS cycling; FWE low as RAS falls; ae = 
tac min; SOE = Vy; SC cycling; tg¢¢ = tggc¢ min 
Standby Active loca 35 mA GAS = RAS = Vin; SOE = Vy; SC cycling; 
tscc = tscc min 
RAS-only refresh cycle ——_ Active locg 135, mA RAS cycling; CAS = Vjy; FWE low as RAS falls; tag = 
tac min; SOE = Vj; SC cycling; tgc¢ = tgoc min 
Fast-page cycle Active loc10 110 mA RAS = Vit; CAS cycling; tpc = tpco min; SOE = Vi; 
SC cycling; tg¢c = tgcco min (Note 3) 
CAS before RAS Active loci 135 mA CAS low as RAS falls; tac = tro min; 
refresh cycle SOE = Vj,; SC cycling; tg¢cg = tscco min 
Data transfer cycle Active loc12 160 mA DT low as RAS falls; tag = tao min; 
SOE = Vj; SC cycling; tgg¢¢ = tscco min 
Color register set cycle Standby loci3 80 mA FWE and WB/WE high as RAS falls; tag = tao min; 
SOE = Vip; SC = Viq or Vi- 
Flash write cycle Standby loc14 80 mA FWE high and WB/WE low as RAS falls; tag = tao 
min; SOE = Viy; SC = Vyy or Vit 
Color register set cycle Active loc415 115 mA FWE and WB/WE high as RAS falls; tag = tao min; 
SOE = Vi; SC cycling; tg¢g.= tsoco min 
Flash write cycle Active loci 115 mA FWE high and WBE low as RAS falls; tac = tao 
min; SOE = Vi; SC cycling; tgcc = tscc min 
Notes: : 
(1) No load on 0; or SO;. Except for loca, loca, loce, and Ioci4, real {3) A change in column addresses must not occur more than once in 
values depend on output loading in addition to cycle rates. a fast-page cycle. 


(2) CAS is not clocked, but is kept at a stable high level. Column 
addresses are also assumed to be at a stable high or low level. 
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AC Characteristics 


Ta = 0 to +70°C; Voc = +5.0V +10%; GND = OV 





Parameter 

Switching Characteristics 
Access time from RAS 

Access time from falling edge of CAS 
Access time from column address 
Access time from rising edge of CAS 
Access time from OE 

Serial output access time from SC 
Serial output access time from SOE 
Output disable time from CAS high 
Output disable time from OE high 
Serial output disable time from SOE high 
SOE low to serial output setup delay 
Serial output hold time after SC high 
Timing Requirements 

Random read or write cycle time 
Read-write/read-modify-write cycle time 
Fast-page cycle time 


Fast-page read-write/read-modify-write 
cycle time 


Rise and fall transition time 

RAS precharge time 

RAS pulse width 

Fast-page RAS pulse width 

RAS hold time 

CAS precharge time (nonpage cycle) 
Fast-page CAS precharge time 

CAS pulse width 

CAS hold time 

RAS to CAS delay 

CAS high to RAS low precharge time 
Row address setup time 

Row address hold time 

Column address setup time 

Column address hold time 

RAS to column address delay time 
Column address to RAS lead time 

Read command setup time 

Read command hold time after RAS high 
Read command hold time after CAS high 


Write command setup time 


foe) 


Symbol 


trac 
tcoac 
taA 

tacP 
toEA 
tsca 
tsoa 
torr 
toEz 
tsoz 
tsoo 
tsou 


tac 
trwe 
tec 
tprwe 


trp 
tras 
tRasp 
tasH 
topn 


tcas 
tcosH 
trop 
tcrp 
tasr 

tRAH 
tasc 

tcaH 
trap 
tRAL 

trcos 
tRRH 

tRCH 
twes 


apa!;o};o;o 


50 


10,000 


100,000 


20 


10,000 


60 


20 


35 


Unit 


ns 


ns 


ns 


ns 


ns 


ns 


ns 


ns 


ns 


ns 


ns 


ns 


ns 


ns 


ns. 


ns 


ns 
ns 
ns 
ns 
ns 
ns 
ns 
ns 
ns 
ns 
ns 
ns 
ns 
ns 
ns 
ns 


ns 


Test Conditions 


(Notes 3, 4 and 12) 
(Notes 3, 4, 13, 14 and 15) 
(Notes 3, 4, 14 and 15) 
(Notes 3 and 4) 

(Notes 3 and 4) 

(Note 3) 

(Note 3) 

(Note 5) 

(Note 5) 

(Note 5) 


(Note 11) 
(Note 11) 
(Note 11) 
(Note 11) 


(Notes 3 and 10) 


(Note 4) 


(Note 16) 


(Note 15} 


(Notes 9 and 14) 


(Note 6) 


(Note 6) 
(Note 7) 
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AC Characteristics (cont) 
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Parameter Symbol! Min Unit Test Conditions 
Timing Requirements (cont) 

Write command hold time twou 15 ns 

Write command pulse width twp 15 ns (Note 17) 
Write command to RAS lead time tRWL 25 ns 

Write command to CAS lead time tow. 25 ns 

Data-in setup time tos 0 ns (Note 8) 
Data-in hold time tpn 15 ns (Note 8) 
Column address to WE delay tawp 70 ns (Note 7) 
-CAS to WE delay towp 45 ns (Note 7) 
RAS to WE delay tawp 105 ns (Note 7) 
GE high to data-in setup delay toep 25 ns 

GE high hold time after WE low toEH 20 ns 

CAS before RAS refresh setup time tosr 0 ns 

CAS before RAS refresh hold time tour 12 ns 

RAS high to CAS low precharge time trpc i) ns 

Refresh interval tREF ms Addresses Ag through Ag 
OT low setup time toLs ) ns 12e 
DT low hold time after RAS low (serial portin trp 70 ns 

standby) 

DT hold time after RAS low (serial port active) tapus 25 ns 

DT tow hold time after CAS low toby 25 ns 

SC high to BT high delay tgpp 7 ns 

tsppr 12 ns 
SC low hold time after DT high tspH 7 ns 
tspHR 12 ns 

SC high to CAS low delay tgsc 10 ns 

Serial clock cycle time tscc 25 ns (Note 11) 
SC pulse width tscu 7 ns 

SC precharge time tso. ns 

DT high setup time tpHs ns 

DT high hold time tpHH 12 ns 

DT high to RAS high delay tpTR fc) ns 

DT high pulse width tptP 10 ns 

OE to RAS inactive setup time toes 10 ns 

Write-per-bit setup time twes 0 ns 

Write-per-bit hold time twsH 12 ns 

Flash write enable setup time tews ie) ns 

Flash write enable hold time tewH 12 ns 

Write bit selection setup time tws ie) ns 

Write bit selection hold time twu 12 ns 

SOE pulse width tsog 7 ns 
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AC Characteristics on) 
Parameter - Symbol Min Max . Unit Test Conditions... - 








Timing Requirements (cont) 





SOE precharge time tsop 7 ns 
GAS low to SC high delay tesp 85 ns 
RAS low to SC high delay tasp - 80 ns 
Notes: ; 
(1) All voltages are referenced to GND. (11) The minimum specifications are used only to indicate the cycle 


(2) An initial pause of 100 pis is required after power-up, followed by time at which proper operation over the full temperature range 
any eight RAS cycles and four data transfer (DT) cycles, before (Ta = 0 to +70°C) is.assured. 
proper device operation is achieved. (12) Assumes that tacp s tacp. (max) and trap = trap (max). If 

tacp or trap is greater than the maximum recommended value 

in this table, trac increases by the amount that ‘hep or trap 
exceeds the value shown. : 


(8) See input/output timing waveforms for timing reference volt- 
ages. See figures 3 and.4 for output loads. 


(4) Operation within the tacop (max) limit ensures that tpac (max) 
can be met. The tacp (max) limitis specified as a reference point is 
only. If taop is greater than the specified taop (max) limit, (14) Iftaap = trRap (max), then the access time is defined by tga. 


_ (13) Assumes that taop= trop (max) and trap = trap (max). 





access time is controlled exclusively by tcac, toEA: oF Yaa: (15) For fast-page read operation, the definition of access time is as 
(5) An output disable time defines the time at which the output follows.. 

achieves the open-circuit condition and is not referenced to 

output voltage levels. ; _ CAS and Column Address Access 
(6) Either tary or troy must be satisfied for a read cycle. Input Conditions Time pense 
(7) twes, tawp, towp, and tpwp are restrictive operating parame- top = tcp (max), tasc2 tcp —. tacp 

ters in read-write and read-modify-write cycles only. If twos = tcp < top (max), tasc < top te taa 

twos (min), the cycle is an early write cycle and the data output __ -.-OoOOOooeeeee- 

will remain open-circuit throughout the entire cycle. If tayp 2 top = top (max), tagc Stage (max) taA 

tawp (min), tewp = town (min), and tawp 2 trwp (min), the top = tcp (max), tase = tasc (max) ae pees 


cycle is a read-write cycle and the data output will contain data 
read from the selected cell. If neither of the above conditions is 
met, the condition of the data out (at access time and until CAS 
returns to Vj}4) is indeterminate. 





(16) The topp requirement is applicable for RAS/CAS cycles pre- 
ceded by any cycle. 
(17) Parameter twp is applicable for a delayed write cycle such as a 


read-write/read-modify-write cycle. For early write operation, 
both twos and twoy must be met. 


(8) These parameters are referenced to the falling edge of CAS in 
early write cycles and to the falling edge of (WB/WE in delayed 
write or read-modify-write cycles. 

(9) Assumes that trap (min) = tray (min) + typical ty of 5 ns. (Ig) Ae measurenente ack ae 

(10) Vizy (min) and Vy (max) are reference levels for measuring the: 
timing of input signals. Additionally, transition times are mea- 
sured between Vj; and Vj,. 


are 
oO 
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Figure 1. Input Timing 





Figure 2. Output Timing 





Figure 4. Output Load in Serial Read Port 
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Timing Waveforms 


Read Cycle 


Address 
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Timing Waveforms (cont) 


Early Write Cycle 


Address 
i Xx 


dase tRAD I tRAL 


tasc 
tWCH 
twp 





tWBH 


7 eae 
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Timing Waveforms (cont) 


Late Write Cycle 
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Address 
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Write-Per-Bit 
Enable 
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Timing Waveforms (cont) 


Read-Write/Read-Modify-Write Cycle 


KK 7 7, 9 KK 
REA VV Oy 


tDHH 


NOOO AY 


{MMM 


tRAC toED 
tps 
tws tWH tCAC tOEZ tDH 


7 Write-Per-Bit Hig impetarice f Read > KYYYy Write 
Select Data ry YS Data 
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Timing Waveforms (cont) 


RAS-Only Refresh Cycle 


Address 
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Timing Waveforms (cont) 


CAS Before RAS Refresh Cycle 






Address 
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Timing Waveforms (cont) 


Hidden Refresh Cycle 


NE | 
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fsaee 


"RAC tOFF 
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Timing Waveforms (cont) 


Fast-Page Read Cycle 


TRAL 
tasc 
-tCAH 


tOEZ 


ANN! ji 


tDHH 


High impedance 
( ReadData ( Read Data D 


tEWH 


tcac 
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Timing Waveforms (cont) 


Fast-Page Write Cycle 


'CAH 
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Timing Waveforms (cont) 


Fast-Page Read-Modify-Write Cycle 


mses KANN Po _ IRL come AKAN AKAANNYS 


) 
Po ere el 
CWL tAWD 
tacs : | LJ tacs 


tRwD twP- | 


K—towo 
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tWBH 
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MOM 


tpHH tOEZ tOED 


tCAC tOEZ 
tRAC tpH>| 'tcAC : 'OH 


WPB ) Write ) Write 
{se Ci PON Bas Bae) 
t t Le { Le t 
WS WH Read Data DS Read Data OS 
tFws 


AAAA/ MMAMAAAAAAKAA/ 
OO MAY 


831H-6670B 
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Timing Waveforms (cont) 


Color Register Set Cycle 


Address 


A AAAAAAAAAAAAAAAAAA AAA AA AAA 
ER RRR RRR 
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Timing Waveforms (cont) 


Flash Write Cycle 





Address 
fy £) f\ 
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Timing Waveforms (cont) 


Data Transfer Cycle with Serial Port Active (tprr = torr) 


tcRP 


Address 


High mpedance 


| J) es > 
tasp-———___—_____________ >| 
| | 
tssc 
tspp tsDH 


SO - SO3 Old Data n - 1 
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Timing Waveforms (cont) 


Data Transter Cycle with Serial Port Active (tprn = torr) 


tcRP 


XXX KY AAAAAAAAAAAAAAAAAS 
Address VA, v\y AAA? 


wae RN 


et 
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Timing Waveforms (cont) 


Data Transfer Cycle with Serial Port in Standby: 





rt | 
AA.L 


Pn Ue VY UU Vy UU UY UY VY Uy 


Address 


SS OSG SOS... 6. O.0 6.6.9.2 .8.8 2.87.0... 
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High Impedance 
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| 
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Timing Waveforms (cont) 


Serial Read Cycle 


/\/\V/\V X//V/\F 
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NEC Electronics Inc. 


Description 


The uPD42275 is a dual-port graphics buffer equipped 
with a random access port and a serial read port. The 
serial read port is connected to an internal 2048-bit 
data register through a 256 x 8-bit serial read output 
circuit. The 128K x 8-bit random access port is used by 
the host CPU to read or write data addressed in any 
desired order. 


Awrite-per-bit capability allows each of the eight data 
bits to be individually selected or masked for a write 
cycle. Block write cycles can also be used to write the 
eight data bits to four consecutive column addresses. 
Selection and masking of the eight data bits and four 
column addresses is provided. A flash write option with 
write-per-bit control enables data in the color register 
to be written to a selected row in the random access 
port. 


The uPD42275 features fully asynchronous dual ac- 
cess, except when transferring graphics data from a 
selected row of the storage array to the data register. 
During a data transfer, the random access port requires 
a special cycle using a transfer clock; the serial port 
continues to operate normally. Following the clock 
transition of a data transfer, serial output data changes 
from an old line to a new line and the starting location 
on the new line is addressable in the data transfer 
cycle. 


An advanced CMOS silicon-gate process using poly- 
cide technology and trench capacitors provides high 
storage cell density, high performance, and high reli- 
ability. Refreshing is accomplished by means of RAS- 
only refresh cycles or by normal read or write cycles on 
the 512 address combinations of Ap through Ag during 
an 8-ms period. Automatic internal refreshing, by 
means of either hidden refreshing or the CAS before 
RAS timing and on-chip internal refresh circuitry, is also 
available. The transfer of arow of data from the storage 
array to the data register also refreshes that row auto- 
matically. 


All inputs and outputs, including clocks, are TTL- 
compatible. All address and data-in signals are latched 
on-chip to simplify system design. Data-out is un- 
latched to allow greater system flexibility. The 
pPD42275 is available in a 400-mil, 40-pin plastic SOJ 
and is guaranteed for operation at 0 to + 70°C. 
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Video RAM 


Features 


QO 


oo0o0 0 


Three functional blocks 

— 128K x 8-bit random access storage array 

— 2048-bit data register 

— 256 x 8-bit serial read output circuit 

Two data ports: random access and serial read 

Dual-port accessibility except during data transfer 

Addressable start of serial read operation 

Real-time data transfer 

On-chip substrate bias generator 

Random access port __ ene 

— Two main clocks: RAS and CAS 

— Multiplexed address inputs 

— Direct connection of I/O and address lines 
allowed by OE to simplify system design 

— 512 refresh cycles every 8 ms 

— Read, early write, late write, read-write/read- 
modify-write, RAS-only refresh, and fast-page 
cycles 

— Automatic internal refreshing by means of the 
CAS before RAS on-chip address counter 

— CAS-controlled hidden refreshing 

— Persistent and nonpersistent write-per-bit option 
regarding eight 1/O bits 

— Write bit selection multiplexed on IO9 - 107 

Block write option with write-per-bit control and 

column mask function 

Flash write option with write-per-bit control 

Split serial data register to allow shifting from 

lower half while simultaneously loading upper half 

RAS-activated data transfer 

— Same cycle time as for random access 

— Row data transferred to data register as 
specified by row address inputs 

— Starting location of following serial read cycle 
specified by column address inputs 

— Transfer of 2048 bits of data on one row to the 
data register, and the starting location of the 
serial read circuit, activated by a low-to-high 
transition of DT 

— Data transfer during real-time operation or 
standby of serial port 

Fast serial read operation by means of SC pins 

Serial data output on SOg - SO7 

Direct connection of multiple serial outputs for 

extension of data length 

Fully TTL-compatible inputs, outputs, and clocks 

Three-state outputs for random and serial access 

CMOS silicon-gate process with trench capacitors 
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Block Diagram 
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Pin Identification _ Ordering Information 

Symbol Function a Row Access _ Serial Access 

Ao - Ag , Address inputs Pars Number. Vane (men 2 Tine tines) Package 
WoJlOo - W7/I07 Write-per-bit selecte/data inpute and outpute  #PO42275LE-00:° 80ns 25s i piaste 
RAS Row address strobe eS SA 

CAS Column address strobe all eal ard 

WB/WE Writé-per-bit/write enable 

DVOE : Data transter/output enable . 

DSF, and DSFo Special function enable 

SQq - SO7 ’ Serial read outputs 

sc Serial control 

SOE Serial output enable 

QSF Special function output 

Vgs1 and Vgsgo Ground 

Vooi and Veco +5-volt +10% power supply 

NC ~ No connection © 
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Pin Configuration 


40-Pin Plastic SOJ 


iT) 
NS 
N 
N 
vv 
[o) 
a. 
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Pin Functions 


Ao-Ag (Address Inputs). These pins are multiplexed as 


row and column address inputs. Each of eight data bits 
in the random access port corresponds to 131,072 
storage cells, which means that nine row addresses 
and eight column addresses are required to decode 
one Cell location. Nine row addresses are first used to 
select one of the 512 possible rows for a read, write, 
data transfer, or refresh cycle. Eight column addresses 
are then used to select the one of 256 possible column 
decoders for a read or write cycle or the one of 256 
possible starting locations for the next serial read 
cycle. (Column addresses are not required in RAS-only 
refresh cycles.) 


Wo/lOo-W7/lO7 (Write-Per-Bit Inputs/Common Data 
Inputs and Outputs). Each of the eight data bits can 
be individually latched by these inputs at the falling 
edge of RAS in any write ‘ite cycle, and then updated at the 
next falling edge of RAS. In a read cycle, these pins 
serve as outputs for the selected storage cells. In a 
write cycle, data input on these pins is latched 5 the 
falling edge of CAS or WE. 


RAS (Row Address Strobe). This pin is functionally 
equivalent to a chip enable signal in that whenever it is 
activated, the 2048 storage cells of a selected row are 
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sensed simultaneously and the sense amplifiers re- 
store all data. The nine row address bits are latched by 
this signal and must be stable on or before its falling 
edge. CAS, DT/OE, WB/WE, DSF; and DSF are simul- 
taneously latched to determine device operation. 


CAS (Column Address Strobe). This pin serves as a 
chip selection signal to activate the column decoder 
and the input/output buffers. The eight column address 
bits are latched at the falling edge of CAS. 


QSF (Special Function Output). This pin indicates 
which side of the split register is active. QSF high shows 
that the upper half (addresses 128 through 255) is 
active, while QSF low indicates the lower half (ad- 
dresses 0 through 127). 


DSF; and DSF2 (Special Function Control). At the 
leading edge of RAS and CAS, the high or low level of 
these pins is latched to initiate one of the operations 
shown in the Truth Table. Holding both pins low causes 
the device to operate without any special functions. 


WB/WE (Write-Per-Bit Control/Write Enable). At the 
falling edge of R RAS, the ie WB/WE and DSF, inputs must 
be low and CAS and DT/OE high to enable the write- 
per-bit option. When en CAS, DT/OE, and DSF, are high at 
the falling edge of RAS, the level of this signal indicates 
either a color register set cycle or flash write cycle. A 
high WB/WE can be used at the beginning of a stan- 
dard write or read cycle. , 


DT/OE (Data Transfer/Output Enable). At the RAS 
falling edge, CAS and WBMWE high and DT/OE low 
initiate a data transfer. DI/OE high initiates conven- 
tional read or write cycles and controls the output 
buffer in the random access port. The level of DSF, 
determines whether this is a read or split read data 
transfer. 


$OQpo-SO7 (Serial Data Outputs). Eight-bit data is read 
from these pins and remains valid until the next SC 
signal is activated. 


SC (Serial Control). Repeatedly activating this signal 
causes serial read cycles (starting from the location 
specified in the data transfer cycle) to be executed 
within the 2048 bits in the data register. The rising edge 
of SC activates serial read operation, in which 8 of the 
2048 data bits are transferred to eight serial data 
buses, respectively, and read out. Whenever SC is low, 
the serial port is in standby. 


SOE (Serial Output Enable). This signal controls the 
serial data output buffer. | 
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OPERATION 


The uPD42275 consists of a random access port and a 
serial read port. The random access port executes 
standard read and write cycles, as well as data transfer, 
block write and flash write cycles, all of which are 
based on conventional RAS/CAS timing. 


In a data transfer, data in each storage cell on the 
selected row is transferred simultaneously through a 
transfer gate to its corresponding register location. The 
serial read port shows the contents of the data register 
in serial order. The random access and serial read ports 
can operate asynchronously, except when the transfer 
gate is turned on during the data transfer period. 


Addressing 


The storage array is arranged in a 512-row by 2048- 
column matrix, whereby each of 8 data bits in the 
random access port corresponds to 131,072 storage 
cells and 17 address bits are required to decode one 
cell location. Nine row address bits are set up on pins 
Ao through Ag and latched onto the chip by RAS. Eight 
column address bits then are set up on pins Ap through 
Az and latched onto the chip by CAS. All addresses 
must be stable, on or before the falling edges of RAS 
and CAS. Whenever RAS is activated, 2048 cells on the 
selected row are sensed simultaneously and the sense 
amplifiers automatically restore the data. CAS serves 
as a chip selection signal to activate the column de- 
coder and the input and output buffers. 


Through one of 256 column decoders, eight storage 
cells on the row are connected to eight data buses, 
respectively. Ina data transfer cycle, 9 row address bits 
are used to select one of the 512 possible rows involved 
in the transfer of data to the data register. Eight column 
address bits are then used to select the one of 256 
possible serial decoders that corresponds to the start- 
ing location of the next serial read cycle. In the serial 
read port, when SC is activated, 8 data bits in the 
2048-bit data register are transferred to eight serial 
data buses and read out. Activating SC repeatedly 
causes serial read cycles (starting from the location 
specified in the data transfer cycle) to be executed 
within the 2048 bits in the data register. 


Random Access Port 


An operation in the random access port begins with a 
negative transition of RAS. Both RAS and CAS have 
minimum pulse widths, as specified in the timing table, 
which must be maintained for proper device operation 
and data integrity. Once begun, a cycle must meet 


all specifications, including minimum cycle time. To 
reduce the number of pins, the following are multi- 
plexed. 


e DY/OE_ 
e WB/WE 
© W/IO; (i = 0, 1, 2, 3, 4, 5, 6, 7) 


The OE, WE, and _IO; functions represent standard 
operations, while DT, WB, and W; are special inputs to 
be applied in the same way as row address inputs with 
setup and hold times referenced to the negative tran- 
sition of RAS. 


The level of DT determines whether a cycle is a random 
access operation or a data transfer operation. WB 
affects only write cycles and determines whether or not 
the write-per-bit capability is used. W; defines data bits 
to be written with the write-per-bit option. In the follow- 
ing discussions, these multiplexed pins are designated 
as DT(/OE), for example, depending on the function 
being described. 


To use the uPD42275 for random access, DT(/OE) must 
be high as RAS falls. Holding DT(/OE) high disconnects 
the 2048-bit register from the corresponding 2048-digit 
lines of the storage array. Conversely, to execute a 
data transfer, DT(/OE) must be low as RAS falls to open 
the 2048 transfer gates and transfer data from one of 
the rows to the register. 


Glossary of Special Functions 


Masked Write Cycle with New Mask. When the write- 
per-bit function is enabled as shown in the following 
table, mask data on the W/IO; pins is latched by RAS 
and loaded directly into the write mask register A 
masked write cycle is then executed using CAS or 
WB/WE to strobe the W/IO; data into the on-chip data 
latch. 


Write-Per-Bit Function 


Mask Register Data Action 
1 Write 
0 Do not write 


Write Mask Register Set Cycle. !n this cycle, data on 
W/O; is written to an 8-bit write mask register, where it 
is retained and used by subsequent masked write and 
masked block write cycles. 


Masked Write Cycle with Old Mask. This write-per-bit 
cycle, commonly referred to as a persistent mask write 
cycle, uses the mask data previously set by the last 
write mask register set cycle. 
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Must Be Valid at Falling Edge of RAS Must be Valid at Falling Edge of CAS 


Cycle 
Read/write cycle H H H L 
Block write cycle 

Write mask register set cycle 
Color register set cycle 

Write cycle with new mask 
Block write cycle with new mask 
Write cycle with old mask 

Block write cycle with old mask 
Read data transfer cycle 

Split read data transfer cycle 
CAS before RAS refresh cycle 


Flash write cycle with new mask 


pe 0 eee ed ee 0 ee ew Oe CN De Oe 
a Do ce ceed ee eS Oe 
mloy cy oper ieee iol eye cys 
i Oe Oe Oe Oe ee Oa 


Notes: 
(1) X = don't care. 
(2) Combinations not shown are used for refresh operation. 


Block Write Addresses 

Column Select 

By 1/0 Data Result Corresponding Column Address 
VO3 = 1 Write Ay, = 1,A9= 1 
Oz = 0 No write 
“WO. =.1 Write Ay = 1, Ag = 0 
Og = 0 No Write 

YO, = 1 Write A; = 0,Ag = 1 
VO, = 0 No write 

Oo = 1 Write Ay = 0, Ap = 0 
VYOo = O No write 

Notes: 


(1) Data on I/O; - 1/O4 are don’t care at the falling edge of CAS. 


Color Register Set Cycle. This cycle is executed in the 
same fashion as a conventional read or write cycle, with 
a read or write cycle available to the color register 
under the contro! of WE. In read operation, color 
register datais read on the common W,/IO; pins. In write 
operation, common W//lO; data can be written into the 
color register. RAS-only refreshing is internally per- 
formed on the row selected by Ap through Ag. This 
setup cycle precedes the first flash write or block write 
cycle supplying the 8 write data bits. 


Block Write Cycle. In a block write cycle, Ay and Ag are 
ignored. !/Oo - 1/O3 are used to select one or a combi- 
nation of four column addresses for writing in an early 


CAS DT/OE WB/WE DSF, 





DSF, DSF, Mnemonic Code 
X L RW 
BW 
LWR 
LCR 
RWNM 
BWNM 
RWOM 
BWOM 
RT 
SRT 


CBR 


mle] eK) KP mp ml KL KK] KX 
Pe ae oe oe Oe Ok Oe Oe Oe Oe OO 2 


write, late write, page early write, or page late write 
cycle. Block write data is previously stored in the color 
register using a set color register cycle. Column select 
data is latched by the W/IO; pins at the falling edge of 
CAS or WE. Block write cycles are useful for clearing 
windows and for accelerating polygon fill operations. 


Masked Block Write Cycle with New Mask. This cycle 
allows for W/l/Op - W/I/O7 masking during a block write 
cycle. The masking function is identical to a standard 
masked write cycle with new mask, except that four 
consecutive columns are written. 


Masked Block Write Cycle with Old Mask. This cycle 
uses the masked data previously set by the last write 
mask register set cycle to write four consecutive col- 
umns. 


Flash Write Cycle. A flash write cycle can clear or set 
each of the eight 256-bit data sets on the selected one 
of 512 possible rows according to data stored in the 
previously set color register Bit mask inputs are 
latched as RAS. This cycle is useful in graphics pro- 
cessing applications when the screen should be 
cleared or set to some uniform value as quickly as 
possible. 


Read Data Transfer Cycle. In a full row read data 
transfer cycle, one of the possible 512 rows, as well.as 
the starting location of the following serial read cycle, 
is defined by address inputs. The low-to-high transition 
of DT/(OE) causes the 2048 bits of cell data to be 
transferred to the serial data register 
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Split Read Transfer Cycle. This cycle is a half-row data 
transfer in which one of the 512. rows, the starting 
location of the following serial read cycle, and either of 
the split registers are specified by the address inputs. 
On-chip control circuitry causes the previously speci- 
fied half row to be transferred to the selected upper or 
lower split register. 


Read Cycle. A read cycle is executed by activating 
RAS, CAS, and OE and by maintaining (WB/)WE while 
CAS is active. The (W,)IO; pin (i = 0 through 7) remains 
in high impedance until valid data appears at the 
output at access time. Device access time, tacc, will be 
the longest of the following four calculated intervals: 


etrc 

e@ RAS to CAS delay (tacp) + tcac 

e RAS to column address delay (tpap) + tara 
e RAS to OE delay + toga 


Access times from RAS (trac), from CAS (tcac), from 
the column addresses (ta,), and from OE (toga) are 
device parameters, The RAS-to-CAS, RAS-to-column 
address, and RAS-to-OE delays are system-dependent 
timing parameters. Output becomes valid after the 
access time has elapsed and it remains valid while both 
CAS and OE are low. Either CAS or OE high returns the 
output pins to high impedance. . 


Write Cycle. A write cycle is executed by bringing 
(WB/)WE_low low during the RAS/CAS cycle. The falling 
edge of CAS or (WB/)WE strobes the data on (Wj)I0; 
into the on-chip data latch. To make use of the write- 
per-bit option, WB(/WE) must be low as RAS falls. In this 
case, write data bits can be specified by keeping 
W,(/10)) high, with setup and hold times igeiced to 
the negative transition of RAS. 


Write-Per-Bit Cycle. The falling edge of RAS latches 
the write-per-bit mask data input on Wo through W7. If 
DSF, is low at the falling edge of RAS, mask data must 
be reloaded every write-per-bit mask cycle. If DSF, is 
high and DSF2 is low at the falling edge of RAS, mask 
data is not reloaded from Wo through W7 but is retained 
from the previous write mask set cycle. The latter is 
called a persistent write-per-bit cycle. 


Early Write Cycle. An early write cycle is executed by 
bringing (WB/)WE low before CAS falls. Data is strobed 
by CAS, with setup and hold times referenced to this 
signal, and the output remains in high impedance for 
the entire cycle. As RAS falls, (DTNOE must meet the 
setup and hold times of a high DT, but otherwise 
(DT) OE does not affect any circuit operation while CAS 
is active. 


Read-Write/Read-Modify-Write Cycle. This cycle is ex- 
ecuted by bringing (WB/)WE low with the RAS and CAS 
signals low. (Wj/)!O; shows read data at access time. 


” Afterward, in preparation for the upcoming write cycle, 


(W/O; returns to high impedance when (DT/)OE goes 
high. The data to be written is strobed by (WB/)WE with 
setup and hold times referenced to this signal. 


Late Write Cycle. This cycle shows the timing flexibility 
of (DT) OE, which can be activated just after (WB/)WE 
falls, even when (WB/)WE is brought low after CAS. 


Refresh Cycle. A cycle at each of the 512 row ad- 
dresses (Ag through Ag) will refresh all storage cells. 
Any cycle executed in the random access port (i.e., 
read, write, refresh, data transfer, color register set, 
flash write or. block write) refreshes the 2048 bits se- 
lected by the RAS addresses or by the on-chip address 
counter. 


RAS-Only Refresh Cycle. A cycle having only RAS 


active refreshes all cells in one row of the storage array. 
A high CAS is maintained while RAS is active to keep 
(W;/)|0; in high impedance. This method is preferred for 
refreshing, especially when the host system consists of 
multiple rows of random access. devices, The data 
outputs may be OR-tied with no bus contention when 
RAS- only refresh cycles are executed. 


CAS Before RAS Refresh Cycle. This cycle executes 
internal refreshing using the on-chip control circuitry. 
Whenever CAS is low as RAS falls, this circuitry auto- 
matically refreshes the row addresses specified by. the 
internal counter. In this cycle, the circuit operation 
based on CAS is maintained in a reset state. When 
internal refreshing is complete, the address counter 
automatically increments in preparation for the next 
CAS before RAS cycle. 


Hidden Refresh Cycle. This cycle is executed after a 
read cycle, without disturbing the read data a output. 
Once valid, the data output is controlled by CAS and 
OE. After the read cycle, CAS is held low while RAS goes 
high for precharge. A RAS-only cycle is then executed 
(except that CAS is held at a low level instead of a high 
level) and the data output remains valid. Since hidden 
refreshing is the same as CAS before RAS refreshing, 


the data output remains valid during either operation. 


Fast-Page Cycle. This feature allows faster data access 
by keeping the same row address while successive 
column addresses are strobed onto the chip. Maintain- 
ing RAS low while successive CAS cycles are executed 
causes data to be transferred at a faster rate because 
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row addresses are maintained internally and do not 
have to be reapplied. In fast-page operation, read, 
write, and read-write/read-modify-write cycles may be 
executed, Additionally, the write-per-bit control speci- 
fied in the entry write cycle is maintained throughout 
the next fast-page write cycle. 


During a fast-page read cycle, the (Wj/IO; data pin (i = 
0 through 7) remains in a state of high impedance until 
valid data appears at the output pin at access time. 
Device access time in this cycle will be the longest of 
the following intervals: 


© tacp 
® tcp + tr + tcac 
e CAS high to column address delay + tan 


Serial Read Port 


The serial read port is used to serially read the previ- 
ously loaded contents of the data register starting from 
a specified location. Other graphics buffers require 
very tight timing to synchronize this port with the 
random access port, but the uPD42275 has been de- 
signed with a split register to eliminate the need for 
synchronized timing between the two ports. 


Split Register Data Transfer. A review of the split 
register architecture shows that the lower register (ad- 
dresses 0 - 127) and upper register (addresses 128 - 
255) are selected by the most significant bit of the 
column addresses (A7). With the serial port split in half, 
data transfers can be executed to the inactive side (no 
SC clocks) while SC clocks are input to access data 
from the active side. This sequence allows for a longer 
time window to perform the transfer, i.e., 128 x tgcc, or 
3.84 us. Column address bits Ap through Ag are latched 
on-chip to provide the tap address pointer for each split 
register. 
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QSF Special Function Output. This pin outputs a 
signal indicating which half of the data register is active 
and is synchronized with the SC clock. 


Split Data Transfer Cycle 


Portion of Split Register QSF 

0 through 127 Low 

128 through 255 High 
Notes: 


(1) A full data transfer cycle must precede all split register opera- 
tions. 


(2) Column address Az must be specified for a split data transfer 
cycle. 


Data in the data register is clocked serially by SC, 
starting from the first specified address of either reg- 
ister. After the last specified address has been trans- 
ferred, QSF changes its level at the next rising edge of 
SC, and serial data transfer switches to the other 
(formerly inactive) register. Serial data output is main- 
tained until the next SC clock. 


SC clocks at the transition point, i.e., the end of one half 
and the beginning of the new half of the split registers, 
are restricted. Rising edges of the SC clock are not 
allowed for the last serial address (either 127 or 255) of 
the active register and for the first address (any address 
depending on current address pointer) of the next 
active register (figure 2). 


SOE controls impedance of the serial output to allow 
multiplexing of more than one’ bank of uPD42275s on 
the same bus and has no effect on SC. When SOE is 
low, SO; is disabled and in a state of high impedance. 
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Figure 1. Example of Split Register Transfer 





An Example of Data Transfer and Split Register Transfer Sequence 


Data Split Data : Split Data ar Split Data 


oa dL EEE Er EP Er Le 


Cycle: @ A full line data transfer is required before a sequence of split register transfers 
The column address specified during this data transfer selects the lower or upper 
side data register from which serial data will be output. 

This is called the active side serial register. 


@® @) Set the address pointer and perform a split register transfer to the inactive side register. 
Detailed Timing Diagram 
@ Data Transfer cycle Q) Split Data Transfer cycle 
x 
CAS 
Address 
DT/OE 
OSF) 


sc 
The numbers at SO j indicates reading column address 


i 99 Cc) ea seme (0,70 


RAS 
CAS f Ve tee ee at 
Address|§ —— $$$ (ow 2X 200_.)}$_———_ 
2 ; 


DT/OE 
DSF; 


Teh level) 


sc 


DADA DOOODOOOOOAD 


Fa 


@ Split Data Transfer Cycle ; 

RAS E | 

CAS 
Address 
nae £ 
DT/OE | Fi | 

i 
een (High level : 
(120 X 121 X122 X123 X 124 X 125 X 126 X 127 X 200 X 201 X 202 X 203 X 204 X205 X 206 X 207 ) 
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Figure 2. Restrictions on Rising Edges of SC 


sc fi \ Restriction 


Idle Side Active Side ——-_ 


Case 1 Invalid TAP +1 


Case 2 Invalid 





Note: 


[1] For split register transfers, there is a restriction on the SC clocks at the transition point 
from the end of one half to the beginning of the other haif split register. Rising edges of 
the SC clock are not allowed for the last serial address of the idle split register (127 or 255). 
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Absolute Maximum Ratings Capacitance 
Voltage on any pin relative to GND, Vp, -1.0to +7.0V Tae Co ne CN CC TOON See SNe oN 
tefl Le ape BE a ALI SO Pea et Pins Under 
Voltage on Voc relative to GND, Vpo -1.0 to +7.0V Pacanietat Symbol Max (pF) Test 
Operating temperature, Topp 0 to +70°C Input capacitance Cr) 5 Ags Ra 
Storage temperature, Tstg —55 to + 125°C CmaToS 8 DOE 
Short-circuit output t, | 50 omnes Ts ARTE 

or lide output current, log mA CEI 8 WE/WE 
Power dissipation, Pp 1.5W Cyosr) 8 DSF, and DSFo 
Exposure to Absolute Maximum Ratings for extended periods may CiRAS) 8 RAS 
affect device reliability; exceeding the ratings could cause perma- CG oa 
nent damage. The device should be operated within the limits (CAS) > uns 
specified under DC and AC Characteristics. C\(S0E) 8 SOE 

P cs Cys 8 sc 

Recommended Operating Conditions EO) 
— Input/output Cioqwiio) 7 Wo/lO9 - W7/lO7 
Parameter Symbol Min Typ Max Unit capacitance 
Supply voltage Voc 45 5.0 5.5 V Output Coyso) 7 SQo - SO7 
Input voltage, high Vin 2.4 5.5 V apacuance Cocasr) 7 QSF 


Input voltage, low ViL -1.0 0.8 V 
Ambient temperature Ta 0 70 °C 
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Power Supply Current 
Ta = Oto +70°C; Voc = +5.0V +10%; GND = OV 


Port Operation 








Random Access Serial Read Parameter -80 (max) . -10 (max) -12 (max) Unit Test Conditions 


Read/write cycle Standby loot 95 85 70 mA RAS and CAS cycling; DSF, 
and DSFo low as RAS falls; 
tac = tac min; SOE = Vy; 
$C = Vin or Vit 


Standby Standby loce 10 10 10 mA Dout = high impedance; 
address cycling; tac = tre min; 
CAS = RAS = Vin; 
SOE = Vin; SC = Viy or Vir 


(Note 4) 
RAS- only refresh Standby locos 85 80 65 mA RAS cycling; CAS = Viy; DSF, 
cycle and DSFo low as RAS falls; tac 


= tac min; SOE = Vip; 
SC = Viz or Vi, (Note 2) 
Fast-page cycle Standby loca 85 80 65 mA — RAS = Vy;.CAS cycling; 
; tpco = tpco min; SOE = Vix; 
SC = Vin or Vi_ (Note 3) 


CAS before RAS Standby loos 85 75 60 mA _ CAS low as RAS falls; 


refresh cycle tac = tac min; SOE = Vip; 
‘ sc = Vin or Vit 
Data transfer cycle Standby _— loce 115 100 85 mA DT lowas RAS falls; 
; tac = tro min; SOE = Viz: 
: SC = Vin or Vit 
Read/write cycle Active loc7 “425 110 90 mA RAS and CAS cycling; DSF, 


and DSFo low as RAS falls; 
tro = tre min; SOE = Vivi 
SC cycling; tsec = tscc min 
Standby Active locs 40 35 30 mA Dout = high impedance; 
address cycling; tac = tre min; 
CAS = RAS = Vin; 
SOE = Vii; SC cycling; 
tscc = tsco min (Note 4) 
RAS-only refresh Active loco 115 105 85 mA RAS cycling; CAS = Viy; DSF, 
cycle. and DSF low as RAS falls; 
tac = tac min; SOE = Vy; 
SC cycling; tscc = tscoc min 
Fast-page cycle Active locto 105 90 75 mA —- RAS = Vj; CAS cycling; 
: tpc = tpo min; SOE = Vy; 
SC cycling; tscc = tscc min 


(Note 3) 
CAS before RAS Active loon 115 ~~ 400 80 mA CAS low as RAS falls; 
refresh cycle tac = tac min; SOE = Viz; 
_ i. SC cycling; ts¢¢ = tscc min 
Data transfer cycle Active —s_ Igoaa 145 125 105 mA DT lowas RAS falls; tag = tao 


min; SOE = Viti SC cycling; 
; tscc = tsco min 
Color register set Standby loci3 80 70 55 mA tac = tro min; SOE = Vyy; 





cycle - SC = Vin or Vit 

Flash write cycle Standby ——_—s._ Ioct4 80 70 55 -mMA ~~ tro = tac min; SOE = Vip; 
SC = Vix OF Vit 

Color register sét Active lecis 110 95 75 = mA — tac = tro min; SOE = Viz; 

cycle SC cycling; tscc = tscco min 
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Power Supply Current (cont) 
Port Operation 


Random Access 


Flash write cycle 
Block write cycle 


Block write cycle 


Notes: 


Serial Read 


Active 


Standby 


Active 


Parameter 


lect6 
lec17 


loc 


~80 (max) 
110 


95 


125 


(1) No load on 10; or SO;, Except for loca, loca, Ioce, and loci14, real 
values depend on output loading in addition to cycle rates. 


(2) CAS is not clocked, butis kept at a stable high level. The column 
addresses are also assumed to be kept stable, at either a high or 


low level. 


DC Characteristics 
Ta = O to +70°C; Vog = +5.0V +10%; GND = OV 


-10 (max) 


95 


85 


110 


-12 (max) —- Unit 
75 mA 
75 mA 
95 mA 


pPD42275 


Test Conditions 


tao = tac min; SOE = Vi; 
SC cycling; tscc = tscc min 


tac = tac min; SOE = Vip; 
SC = Vin or Vit 

taco = tac min; SOE = Vy; 
SC cycling; tgcc = tscco min 


(8) A change in column addresses must not occur more than once in 
a fast-page cycle. 


(4) A change in row addresses must not occur more than once in a 
read or write cycle. 








Parameter Symbol Min Typ Max Unit Test Conditions 

Input leakage current hie -10 10 HA Vin = 0 to 5.5 V; all other pins 
not under test = OV 

Output leakage current lot -10 10 LA Dout (I0;, SO) disabled; 
VouT = 0 to 5.5 V 

Random access port output voltage, high VoH(R) 2.4 V lon(R) = -1 mA 

Random access port output voltage, low VoL(R) 0.4 V lou(R) = 2.1 mA 

Serial read port output voltage, high Voni(s) 2.4 Vv lon(s) = -1 mA 

Serial read port output voltage, low VoL(s) 0.4 V lois) = 2.1 mA 

AC Characteristics 

Ta = 0 to + 70°C; Vog = +5.0V +10%; GND = OV 

pPD42275-80 pPD42275-10 pPD42275-12 

Parameter Symbol Min Max Min Max Min Max Unit Test Conditions 

Access time from column address taa 45 50 65 ns (Notes 3 and 4) 

Access time from rising edge of tace 45 55 65 ns (Notes 3 and 4) 

CAS © 

DT low hold time after address tapp 35 35 45 ns (Note 15) 

Column address setup time tasc 0 0 0 ns 

Address to SC high delay tasp 55 60 75 ns (Notes 16 and 18) 

Row address setup time tasr 0 ie) 0) ns 

Column address to WE delay tawo 70 85 100 ns (Note 7) 

Access time from falling edge of toact 20 25 30 ns (Notes 3 and 4 

CAS 

Access time from CAS, mask tcace 30 35 40 ns (Note 14) 

register read cycle 

Column address hold time tcaH 15 15 25 ns 

CAS pulse width tcas 25 10,000 30 10,000 35 10,000 ns 

DT low hold time after CAS low topH 25 30 35 ns _—_ (Note 15) 

CAS before RAS refresh hold time tcuR 12 12 15 ns 
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NEC 





AC Characteristics (cont) 


Parameter 
Fast-page CAS precharge time 


CAS precharge time (nonpage 
cycle) 


CAS to QSF delay time 


CAS high to RAS low precharge 
time 


CAS low to SC high delay 

CAS hold time 

CAS before RAS refresh setup time 
CAS to WE delay 

Write command to CAS lead time 
Data-in hold time 

DT high hold time 

DT high setup time 

DT low setup time 


Propagation delay time from DT/OE 
to QSF 


Propagation delay time from RAS 
to QSF 


Data-in setup time 

OT high pulse width 

DT high to RAS high delay 

DSF, hold time from CAS 

DSF, setup time from CAS 

DSF, hold time from RAS 

DSF hold time from RAS. 

DSF, setup time from RAS 

DSF» setup time from RAS 
Access time from OE 

OE high to data-in setup delay 
OE high hold time after WE low 
OE to RAS inactive setup time 
Output disable time from OE high 
Output disable time from CAS high 
Fast-page cycle time 


Propagation delay time from SC to 
QSF 


Fast-page read-write/read-modify- 
write cycle time 


Access time from RAS 
RAS to column address delay time 


Row address hold time 


Symbol 
top 
topn 


tcap 
torp 


tosp 
tosH 
tosr 
towo 
tow. 
toH 
toHH 
tous 
toLs 
tpap 


tpar 


tos 
tore 
toTR 
troH1 
tros1 
te RH1 
tFRHe 
trrsi 
teRs2 
toEA 
toeD 
toEH 
toes 
toEz 
torr 
tpc 
tpp 


tprwe 


trac 
trap 
tRAH 


10 
10 


10 


105 


17 
12 


pPD42275-80 
Min 


8 


125 


pPD42275-10 
Max 


Min 
15 
15 


10 


145 


pPD42275-12 
Max 


100 


120 


Unit 


Test Conditions 


(Notes 16 and 19) 
(Note 12) 


(Notes 16 and 18) 
(Note 7) 


(Note 8) 


(Note 20) 
(Note 20) 


(Note 8) 


(Note 15) 


(Notes 3 and 4) 


(Note 5) 


' (Note 5) 


(Note 11) 


(Note 11) 


(Notes 3 and 4) 
(Note 9) 
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AC Characteristics (cont) 


Parameter 

Column address to RAS lead time 
RAS pulse width 

Fast-page RAS pulse width 
Random read or write cycle time 
RAS to CAS delay time 


RAS to CAS delay time, mask 
register read cycle 


Read command hold time after 
CAS high 


Read command setup time 


OT low hold time after RAS low, 
serial port active 


DT low hold time after RAS low, 
serial port in standby, split data 
transfer 


Refresh interval 


RAS precharge time 


RAS high to CAS low precharge 
time 


RAS to QSF delay time 


Read command hold time after 
RAS high 


RAS low to SC high delay 
RAS hold time 


Read-write/read-modify-write cycle 
time 


RAS to WE delay 

Write command to RAS lead time 
Serial output access time from SC 
Serial clock cycle time 

SC pulse width 

SC precharge time 

SC high to BT high delay 

SC low hold time after DT high 
SC low hold time after RAS high 
Serial output access time from 
SOE 

SOE pulse width 


Serial output hold time after SC 
high 

SOE low to serial output setup 
delay 


SOE precharge time 


Symbol 


tRAL 
tras 
tRasP 
trac 
tacp1 
trope 


tacH 


tacs 
tRDH 


tRDHS 


tRerF 


trp 
trpc 


trap 
trRH 


tasp 
tRsH 
tawe 


tawD 
tRWL 
tsca 
tsec 
tscH 
tse 
tspD 
tspH 
tsDHR 
tsoa 


tsoe 
tsou 


tso0 


tsop 


Min 
45 
80 
80 
160 


65 


12 


70 


85 


220 


105 


25 


10 
25 


pPD42275-80 


Max 


10,000 
100,000 


60 
50 


105 


25 


Min 
55 
100 
100 
180 
25 
25 


12 


70 


105 
25 
245 


10 
10 


15 


10 


10 


pPD42275-10 


Max 


10,000 
100,000 


75 
65 


25 


25 


Min 
65 
120 
120 
220 
25 
25 


95 


15 


90 


125 
30 
295 


155 
35 


pPD42275-12 


Max 


10,000 
100,000 


90 
80 


155 


40 


30 


Unit 


ns 


ns 


ns 


ns 


ns 


ns 


ns 


ns 


ns 


ns 


ns 


ns 


ns 


ns 


ns 


ns 


ns 


ns 


ns 


ns 


ns 


ns 


ns 


ns 


ns 


ns 


ns 


ns 


ns 


ns 


ns 


pPD42275 


Test Conditions 


(Note 11) 
(Note 4) 
(Note 14) 


(Note 6) 


(Note 15) 


(Notes 16 and 18) 


Addresses Ag 
through Ag 





12f 
(Notes 16 and 19) 
(Note 6) 


(Note 18) 


(Note 11) 


(Note 7) 


(Note 3) 
(Note 11) 


(Note 15) 
(Note 15) 
(Note 16) 
(Note 3) 
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AC Characteristics (cont) 


pPD42275-80 
Parameter Symbo! Min Max 
Serial output disable time from tsoz: 0 10 
SOE high 
SC high to CAS low delay tgsc 10 
Rise and fall transition time ty 3 50 
Write-per-bit hold time tweH 12 
Write-per-bit setup time twes 0 
Write command hold time twcoH 15 
Write command setup time twes 0 
Write bit selection hold time twuH 12 
Write command pulse width twe 15 
Write bit selection setup time tws 0 


NEC 


»PD42275-10 pPD42275-12 
Min. Max Min Max Unit Test Conditions 
ie) 15 0 20 ns (Note 5) 

10 10 ns _ (Notes 16 and 18) 
3 50 | 3 50 ns (Notes 3 and 10) 
12 15 ns 

0 0 ns 

25 ns 

ie) 0 ns (Note 7) 

12 15 ns 

20 25 ns (Note 13) 

0 0 ns 





Notes: 
(1) All voltages are referenced to GND. 


(2) Aninitial pause of 100 ps is required after power-up, followed by 
any eight RAS cycles, before proper device operation is 
achieved. 


(3) See figures 3 and 4 for reference voltages and figures 5 and 6 for 
output loads. 


(4) Operation within the tacp (max) limit ensures that tpac (max) 
can be met. The tacp (max) limitis specified as a reference point 
only. If trop is greater than the specified taop (max) limit, 
access time is controlled exclusively by toac or tag. 


(5) An output disable time defines the time at which the output 
achieves the open-circuit condition and is not referenced to 
output voltage levels. 


(6) Either tagy or tacy must be satisfied for a read cycle. 


(7) twes; town, and tpwp are restrictive operating parameters in 
tead-write and read-modify-write cycles only. If twos 2 twos 
(min), the cycle is an early write cycle and the data output will 
remain open-circuit throughout the entire cycle. Iftowp = tcwp 
(min) and tawp 2 trwp (min), the cycle is a read-write cycle and 
the data output will contain data read from the selected cell. If 
neither of the above conditions is met, the condition of the data 
output (at access time and until CAS returns to Vj) is indeter- 
minate. 


(8) These parameters are referenced to the falling edge of CAS in 
early write cycles and to the falling edge of (WB/)WE in delayed 
write or read-modify-write cycles. 
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(9) Assumes that tran (min) = trap (min) + typical ty of 5 ns. 


(10) Viy (min) and Vi_ (max) are reference levels for measuring the 
timing of input signals. Additionally, transition times are mea- 
sured between Vj, and Vj. 


(11) The minimum specifications are used only to indicate the cycle 
time at which proper operation over the full temperature range 
(Ta = 0 to +70°C) is assured. 


(12) The.topp requirement is applicable for RAS/CAS cycles pre- 
ceded by any cycle. 


(13) Parameter twp is applicable for a delayed write cycle such as a 
read-write/read-modify-write cycle. For early write operation, 
both twos and twoy must be met. 


(14) Only for mask register read operation during register read 
cycles. 


(15) For real-time data transfer operation (data transfer with sc 
active). 


(16) For read data transfers with serial port in standby. 


(17) Ac measurements assume ty =5 ns. 


(18) For split data transfer cycles. 


(19) IftepH = topH (min) or tapHs = tRoH (min), then the delay time 
for the switching of QSF is determined by tagp or tcap, 
whichever occurs later. 


(20) Iftepy = tepH (min) and taps = tapx (min), then the switching 
delay time of QSF is determined by tpgp or tpqn, whichever 
oceurs first. 


NV. KE Cc pPD42275 


Figure 3. Input Timing 





Figure 4. Output Timing 





Figure 6. Output Load in Serial Read Port 
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pPD42275 N; E C 


Timing Waveforms 


Read Cycle 


Wo-7!'0o-7 


tFRS1 'FRH1 tecs1| | tFCH1 
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Timing Waveforms (cont) 


Early Write Cycle and Early Block Write Cycle 





yPD42275 NEC 


Timing Waveforms (cont) 


Early Write Cycle and Early Block Write Cycle With Old Mask —— 
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Timing Waveforms (cont) 


Late Write Cycle and Late Block Write Cycle 





Oy 


DT/OE 
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puPD42275 NEC 


Timing Waveforms (cont) 
Read-Write/Read-Modify-Write Cycle 


tcsH 
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Timing Waveforms (cont) 


RAS-Only Refresh Cycle 





Address 
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pPD42275 N: E Cc 


Timing Waveforms (cont) 





CAS Before RAS Refresh Cycle 
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Timing Waveforms (cont) 


Hidden Refresh Cycle 


tac 
tRAS 


r 


'RSH 
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os 
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W/V; 


pPD42275 
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pPD42275 | N’ KE Cc 


Timing Waveforms (cont) 


Fast-Page Read Cycle 
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N KE C pPD42275 


Timing Waveforms (cont) 


Fast-Page Early Write Cycle and Fast-Page Early Block Write Cycle 


tRCD ee eee 
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yPD42275 NEC 


Timing Waveforms (cont) 


Fast-Page Late Write Cycle and Fast-Page Late Block Write Cycle 
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Timing Waveforms (cont) 


Fast-Page Read-Modify-Write Cycle 


Address 
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pPD42275 NE C 


Timing Waveforms (cont) 


Color Register Set Cycle 


28 


Address 


AAAAAAAAAAAS 
OOO) 


XXX) 


[1] Read, late write, RMW, and hidden refresh cycles are also available. 


{2] Specifications are exactly the same as read, late write, RMW, and hidden refresh cycles except DSF1 is high at RAS leading edge for 
register set cycles 


[3] At CAS leading edge, set DSF1 to fow level for a write mask register, or set DSF1 to high level for a color register. 
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Timing Waveforms (cont) 


Flash Write Cycle 
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Timing Waveforms (cont) 


Data Transter Cycle with Serial Port Active 


tasc 
tCAH 
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High Impedance 
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N; E C pPD42275 


Timing Waveforms (cont) 


Data Transfer Cycle with Serial Port in Standby 
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pPD42275 N: E C 


Timing Waveforms (cont) 


Split Read Data Transfer Cycle 
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Timing Waveforms (cont) 


Serial Read Cycle 


tgcc [Note 1] tsgcc [Note 2] 
'ScL 


'SOH 
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tso 
me 


H 
'pp 





Notes: 
[1] Last location of split register (Loc: 127 or 255) 
[2] The starting location of newly activated register 
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NEC Electronics Inc. 


Description 


Each of the pPD482234 (fast-page) and yPD482235 
(hyper-page) video. RAMs has a random access port 


and a serial read/write port. The serial read/write portis — 


connected to an internal 4096-bit data register through 
a 512 x 8-bit serial read input/output circuit. The 256K x 
8-bit random access port is used by the host CPU to 
read or write data addressed in any desired order. 


Awrite-per-bit capability allows each of the 8 data bits 
to be individually selected or masked for a write cycle. 
Block write cycles can also be used to write the 8 data 
bits to four consecutive column addresses. Selection 
and masking of the 8 data bits and four column ad- 
dresses is provided. A flash write option with write-per- 
bit control enables data in the color register to be 
written to a selected row in the random access port. 


Both the uPD482234 and uPD482235 feature fully asyn- 
chronous dual access between the RAM and serial 
ports. During a data transfer, the random access port 
requires a special cycle using atransfer clock; the serial 
port continues to operate normally. Following the clock 
transition of a data transfer, serial output data changes 
from an old line to a new line, and the new starting 
location is addressable in the data transfer cycle. 


An advanced CMOS silicon-gate process using poly- 
cide technology and stacked capacitors provides high 
storage cell density, high performance, and high reli- 
ability. Refreshing is by RAS-only refresh cycles or by 
normal read or write cycles on the 512 address combi- 
nations of Ag - Ag during an 8-ms period. Automatic 
internal refreshing is by hidden refreshing or CAS 
before RAS timing, which uses on-chip refresh circuitry. 
The transfer of a row of data from the storage array to 
the data register refreshes that row. Data transfer from 
register to RAM array also refreshes the row. 


All inputs and outputs, including clocks, are TTL- 
compatible. All address and data-in signals are latched 
on-chip to simplify system design. The uPD482234 and 
UPD482235 are available in 40-pin SOJ (400-mil), 40-pin 
shrink ZIP (475-mil), and 44/40-pin TSOP plastic pack- 
ages, guaranteed for operation at 0 to +70°C. 


Features 


QO Three functional blocks 
— 256K x 8-bit random access storage array 
— 4096-bit data register 
— 512 x 8-bit serial read/write output circuit 


60163-2 


bpoaoda 


oO 


uPD482234, 482235 
Video RAM 


Random access and serial read/write data ports 

Fast-page operation (uPD482234) 

Hyper-page operation (uPD482235) 

Addressable start of serial read and serial write 

operation 

Random access port __ ar 

— Two main clocks: RAS and CAS 

— Multiplexed address inputs 

— Direct connection of I/O and address lines 

_ allowed by OE to simplify system design 

— 512 refresh cycles every 8 ms 

— Read, early write, late write, read-write/read- 
modify-write, RAS-only refresh, and fast- ewe 
cycles 

— Automatic CAS before RAS refreshing 

— CAS-controlled hidden refreshing 

— Persistent and nonpersistent write-per-bit option 
regarding eight I/O bits 

— Write bit selection multiplexed on IQpg - |O7 

Block write option with write-per-bit control and 

column mask function 

Fiash write option with write-per-bit control 

Split serial data register to allow shifting from the — 

active half while simultaneously loading the 

inactive half 

Boundary jump function on the serial data register 

RAS-activated data transfer 

— Row data transferred to data register as 
specified by row address inputs 

Either full or split data register transfer to the row 

specified by the row address inputs. Split write 

transfer is always performed from the inactive side 

of the data register 

— Starting location of following serial read cycle 
specified by column address inputs 

— Transfer of 4096 bits of data on one row to the 
data register, and the starting location of the 
serial read circuit, activated by a low-to-high 
transition of DT or RAS 

— Data transfer during real-time operation or 
standby of serial port 

Fast serial read/write operation by means of the 

SC pin 

Serial data input and output on SIOo - SIO7 

Direct connection of multiple serial outputs for 

extension of data length 

Fully TTL-compatible inputs, outputs, and clocks 

Three-state outputs for random and serial access 
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Ordering Information, ».PD482234 
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Part Number 
uUPD482234LE-70 
LE-80 
UPD482234VF-70 
VF-80 
UPD482234G5-70 
G5-80 


uUPD482234G5M-70 
G5M-80 


Ordering Information, »PD482235 


RAS Access 
Time (max) 


Part Number 
uPD482235LE-70 
LE-80 
UPD482235VF-70 
VF-80 
pPD482235G5-70 
G5-80 


uPD482235G5M-70 
G5M-80 


RAS Access 
Time (max) 


70 ns 
80 ns 
70 ns 
80 ns 
70 ns 
80 ns 
70 ns 
80 ns 


70 ns 
80 ns 
70 ns 
80 ns 
70 ns 
80 ns 
70 ns 
80 ns 


Serial Access Time 


{max) 
17 ns 
20 ns 
17 ns 
20 ns 
17 ns 
20 ns 
17 ns 
20 ns 


Serial Access Time 


(max) 
17 ns 
20 ns 
17 ns 
20 ns 
17 ns 
20 ns 
17 ns 
20 ns 


Fast-Page Cycle 
(max) 


45 ns 
50 ns 
45 ns 
50 ns 
45 ns 
50 ns 
45 ns 
50 ns 


Fast-Page Cycle 
(max) 


35 ns 
40 ns 
35 ns 
40 ns 
35 ns 
40 ns 
35 ns 
40 ns 


Package 
40-pin plastic SOU 


40-pin plastic shrink ZIP 
44/40-pin plastic TSOP 


(normal pinouts) 


44/40-pin plastic TSOP 
(reverse pinouts) 


Package 
40-pin plastic SOJ 


40-pin plastic shrink ZIP 


44/40-pin plastic TSOP 
(normal pinouts) 


44/40-pin plastic TSOP 
(reverse pinouts) 
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Pin Configurations 


40-Pin Plastic SOJ 


1 
2 
3 
4 
5 
6 
7 
8 
9 
10 
11 


ir rire ef 
oOMAnN OO PF OO ND 


Pin Identification 


Symbol 

Ao - Ag 
CAS 

DSF 

DOE 

QSF 

RAS 

sc 

SI0p - SIO7 
SE 

Wo/lO - W7/lOz 
WB/WE 
GND 

Voc 

NC 


Function 

Address inputs 

Column address strobe 
Special function enable 

Data transfer/Output enable 
Special function output . 
Row address strobe 

Serial control 

Serial data inputs and outputs 
Serial enable 

Write-per-bit selects/Data inputs and outputs 
Write-per-bit/Write enable 
Ground 

+5-volt 10% power supply 


No connection 


HPD482234, 482235 


40-Pin Plastic Shrink ZIP 


GND 
Ws/l0s 
W7/lO7z 

GND 


S103 17 [=f 
Wo/lOg 19 | 


Ag 29 | 


Ay 31 |". | 
3 | 82 Voo 
Ag 33 )"F» 
A 35 fees 1) 34 At 
0 |b *| 96 OSF 
GND 37 f*#., —~ 
NC 39 {= :“| 88 CAS 
=) 40 DSF 


si HED WMO, 
af | 4 Well0g 
16 SE 


siog 9|$.]8 SO 
=f "| 10 SlOg 

SIO7 11 | Lal yoy 
SC 13 [=f | cc 
SiO, 15]. | 4 S00 
1 =! 16 S1Op 


“148 DT/OE 


WollOo 21 |= _ 20 W4 *O 

GND 23 ft. > 22 W3flOg 

——— |. 4-7| 24 WBWE 

RAS 25 [6 | 

Ay 27 [ep] 26 48 
7 “1 98 Ag 


ug 30 A4 





pPD482234, 482235 


Pin Configurations (cont) 
44/40-Pin Plastic TSOP (Normal Pinouts) 


BPD482234, 482235 


Suffix -7JF In the package Kdentifier 
denotes normal pinout sequence. 


Pin Functions 


Ao-Ag (Address Inputs). These pins are multiplexed as 
row and column address inputs. Each of 8 data bits in 
the random access port corresponds to 262,144 stor- 
age cells, which means that 9-bit row addresses and 
9-bit column addresses are required to decode one cell 
location. Row addresses are first used to select one of 
the 512 possible rows for a read, write, data transfer, or 
refresh cycle. Column addresses are then used to 
select the one of 512 possible column decoders for a 
read or write cycle or the one of 512 possible starting 
locations for the next serial read cycle. (Column ad- 
dresses are not required in RAS-only refresh cycles.) 


Wo/IO9-W7/l07 (Write-Per-Bit Inputs/Common Data 
Inputs and Outputs). Each of the 8 mask bits can be 
individually latched at the falling edge of RAS in any 
write cycle and then updated at the next falling edge of 
RAS. In aread cycle, these pins serve as outputs for the 
selected storage cells. In a write cycle, data input _on 
these pins is latched by the falling edge of CAS or WE. 


RAS (Row Address Strobe). This pin is functionally 
equivalent to a chip enable signal in that whenever it is 
activated, the 4096 storage cells of a selected row are 


4 


NEC 


44/40-Pin Plastic TSOP (Reverse Pinouts) 


uPD482234, 482235 


Suffix -7KF in the package kdentifier 
denotes reverse pinout sequence. 





sensed simultaneously and the sense amplifiers re- 
store all data. The 9 row address bits are latched by this 
signal and must be stable on or before its falling edge. 
CAS, DI/OE, WB/WE, and DSF are simultaneously 
latched to determine device operation. 


CAS (Column Address Strobe). This pin serves as a 
chip selection signal to activate the column decoder 
and the input/output buffers. The 9 column address 
bits are latched at the falling edge of CAS. 


QSF (Special Function Output). This pin indicates 
which side of the split register is active. QSF high shows 
that the upper half (addresses 256 through 511) is 
active; QSF low indicates the lower half (addresses 0 
through 255). 


DSF $F (Special Fi Function Control). At the leading edge 
of RAS and CAS, the high or low level of DSF is latched 
to initiate one of the operations shown in table 1. 


WB/WE (Write-Per-Bit Control/Write Enable). At the 
falling edge of RAS, the 1e WB/WE and DSF inputs must 
be low and CAS and DT/OE high to enable the write- 
per-bit option. When CAS, DT/OE, and DSF are high at 
the falling edge of RAS, the level of this signal indicates 


either a color register set cycle or flash write cycle. A 
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high WB/WE can be used at the beginning of a stan- 
dard write or read cycle. 

DT/OE (Data Transfer/Output.Enable). At the falling 
edge of RAS, CAS and WB/WE high and DT/OE low 
initiate a data transfer. DT/OE high initiates conven- 
tional read or write cycles and controls the output 
buffer in the random access port. The level of DSF 
determines whether this is a read or split read data 
transfer. 


$109 - S107 (Serial Data Inputs/Outputs). Eight-bit 
data can be written or read from these pins, and during 
a serial read, data remains valid until the next SC signal 
is activated. 


Block Diagram 
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SC (Serial Control). Repeatedly activating this signal 
causes Serial read/write cycles (starting from the loca- 
tion specified in the data transfer cycle) to be executed 
within the 4096 bits in the data register. The rising edge 
of SC activates either a serial read or write operation. In 
the serial read mode, 8 of the 4096 data bits are 
transferred to eight serial data buses, respectively, and 
read out. In the serial write operation, input data is 
latched on the rising edge of SC. Whenever SC is low, 
the serial port is in standby. 


SE (Serial Enable). This signal controls the serial 
input/output buffer. 


Column Decoder 
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OPERATION 


The uPD482234 and pwPD482235 both incorporate a 
random access port and a serial read or write port. The 
random access port executes standard read and write 
cycles as well as data transfer, block write, and flash 
write cycles, all of which are based on conventional 
RAS/CAS timing. 


In a data transfer, data in each storage cell on the 
selected row is transferred simultaneously through a 
transfer gate to its corresponding register location. The 
serial read port shows the contents of the data register 
in serial order. The random access and serial ports can 
operate asynchronously when split read or split write 
operation is used. 


Addressing 


The storage array is arranged in a 512-row by 4096- 
column matrix, whereby each of 8 data bits in the 
random access port corresponds to 262,144 storage 
cells, and 18 address bits are required to decode one 
cell location. Nine row address bits are set up on pins 
Ao - Ag and latched onto the chip by RAS. Nine column 
address bits then are set up on pins Ag - Ag and latched 
onto the chip by CAS. 


All addresses must be stable on or before the falling 
edges of RAS and CAS. Whenever RAS is activated, 
4096 cells on the selected row are sensed simulta- 
neously, and the sense amplifiers automatically re- 
store the data. CAS serves as a chip selection signal to 
activate the column decoder and the input and output 
buffers. 


Through one of 512 column decoders, eight storage 
cells on the row are connected to eight data buses, 
respectively. In a data transfer cycle, 9 row address bits 
are used to select one of the 512 possible rows involved 
in the transfer of data to the data register. Nine column 
address bits are then used to select the one of 512 
possible serial decoders that corresponds to the start- 
ing location of the next serial read cycle. 


In the serial read port, when SC is activated, 8 data bits 
in the 4096-bit data register are transferred to eight 
serial data buses and read out. Activating SC repeat- 
edly causes serial read or serial write cycles (starting 
from the location specified in the previous data trans- 
fer cycle) to be executed within the 4096 bits in the data 
register. 
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Random Access Port 


An operation in the random access port begins witha 
negative transition of RAS. Both RAS and CAS have 
minimum pulse widths, as specified in the timing table, 
which must be maintained for proper device operation 
and data integrity. Once begun, a cycle must meet 
all specifications, including minimum cycle time. To 
reduce the number of pins, the following are multi- 
plexed: DT/OE, WB/WE, W,/IO, (n = 0 through 7). 


The OE, WE, and IO, functions represent standard 
operations; DT, WB, and W, are special inputs to be 
applied in the same way as row address inputs with 
setup and hold times referenced to the negative tran- 
sition of RAS. 


The level of DT determines whether a cycle is a random 
access operation or a data transfer operation. WB 
affects only write cycles and determines whether or not 
the write-per-bit capability is used. W, defines data 
bits to be written with the write-per-bit option. In the 
following discussions, these multiplexed pins are des- 
ignated as DT(/OE), for example, depending on the 
function being described. 


To use the PD482234/5 for random access, DT(/OE) 
must be high as RAS falls. Holding DT(/OE) high dis- 
connects the 4096-bit register from the corresponding 
4096 digit lines of the storage array. Conversely, to 
execute a data transfer, DT(/OE) must be low as RAS 
fails to open the 4096 transfer gates and transfer data 
from one of the rows to the register. 


Read Cycle. A read cycle is executed by activating 
RAS, CAS, and OE and by maintaining (WB/)WE while 
CAS is active. The (W,/)IO, pin remains in high imped- 
ance until valid data appears at the output at access 
time. Device access time, tacc, will be the longest of the 
following four calculated intervals: 

e trac 

« RAS to CAS delay (tcp) + tcac 


- RAS to column address delay (trap) + taa 
e RAS to OE delay + tog, 


Access times from RAS (trac), from CAS (tcc), from 
the column addresses (tga), and from OE (toga) are 
device parameters. The RAS-to-CAS, RAS-to-column 
address, and RAS-to-OE delays are system-dependent 
timing parameters. Output becomes valid after the 
access time has elapsed and it remains valid while both 
CAS and OE are low. Either CAS or OE high returns the 
output pins to high impedance (uPD482234 only). See 
explanation of “Extended Data Output.” 


Write Cycle. A write cycle is executed by bringing 
(WB/)WE low during the RAS/CAS cycle. The falling 
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edge of CAS or (WB/)WE strobes the data on (W,/)IOn 
into the on-chip data latch. To make use of the write- 
per-bit option, WB(/WE) must be low as RAS fails. In this 
case, write data bits can be specified by keeping 
W,(/lO,) high, with setup and hold times referenced to 
the negative transition of RAS. 


Write-per-Bit-Cycle. A write-per-bit-cycle uses an |/O 
masking function to allow the system designer the 
flexibility of writing or not writing any combinations of 
Wo/lOo through W7/lO7. Two types of masking are pos- 
sible: (1) new mask or the non-persistent mask that 
requires the user to provide the mask data each cycle 
and (2) old mask or the persistent mask. With the 
persistent mask option, an LMR or load mask register 
cycle is performed and the mask data is used during 
write, block write, and flash write cycles. 


Early Write Cycle. An early write cycle is executed by 
bringing (WB/)WE low before CAS falls. Data is strobed 
by CAS, with setup and hold times referenced to this 
signal, and the output remains in high impedance for 
the entire cycle. As RAS falls, (DT)OE must meet the 
setup and hold times of a high DT, but otherwise 
(DT/)OE does not affect any circuit operation while CAS 
is active. 


Read-Write/Read-Modify-Write Cycle. This cycle is ex- 
ecuted by bringing (WB/)WE low with the RAS and CAS 
signals low. (W,/)lO, shows read data at access time. 
Afterward, in preparation for the upcoming write cycle, 
(W,/)IO, returns to high impedance when (DT) OE goes 
high. The data to be written is strobed by (WB/)WE, 
with setup and hold times referenced to this signal. 


Late Write Cycle. This cycle shows the timing flexibility 
of (DT/)OE, which can be activated just after (WB/)WE 
falls, even when (WB/WE is brought low after CAS. 


Refresh Cycle. A cycle at each of the 512 row ad- 
dresses (Ag - Ag) will refresh all storage cells. Any cycle 
executed in the random access port (i.e., read, write, 
refresh, data transfer, color register set, flash write, or 
block write) refreshes the 2048 bits selected by the RAS 
addresses or by the on-chip address counter. 


RAS-Only Refresh Cycle. A cycle having only RAS 
active refreshes all cells in one row of the storage array. 
A high CAS is maintained while RAS is active to keep 
(W,/)!0, in high impedance. This method is preferred 
for refreshing, especially when the host system con- 
sists of multiple rows of random access devices. The 
data outputs may be OR-tied with no bus contention 
when RAS-only refresh cycles are executed. 


CAS Before RAS Refresh Cycle (CBRN). This cycle 
executes internal refreshing using the on-chip control 
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circuitry. Whenever CAS is low as RAS falls, this cir- 
cuitry automatically refreshes the row addresses spec- 
ified by the internal counter In this cycle, the circuit 
operation based on CAS is maintained in a reset state. 
When internal refreshing is complete, the address 
counter automatically increments in preparation for 
the next CAS before RAS cycle. CBRS and CBR also 
performed internal refresh, stopping column control. 


Hidden Refresh Cycle. This cycle is executed after a 
read cycle without disturbing the read data output. 
Once valid, the data output is controlled by CAS and 
OE. After the read cycle, C/ CAS is held low while RAS goes 
high for precharge. A RAS-only cycle is then executed 
(except that CAS is held at alow level instead of a high 
level) and the data output remains valid. Since hidden 
refreshing is the same as CAS before RAS refreshing, 
the data output remains valid during either operation. 


Fast-Page Cycle. This feature allows faster data access 
by keeping the same row address while successive 
column addresses are strobed onto the chip. Maintain- 
ing RAS low while successive CAS cycles are executed » 
causes data to be transferred at a faster rate because 
row addresses are maintained internally and do not 
have to be reapplied. In fast-page operation, read, 
write, and read-write/read-modify-write cycles may be 
executed. Additionally, the write-per-bit control speci- 
fied in the entry write cycle is maintained throughout 
the next fast-page write cycle. 


During a fast-page read cycle, the (W,)/lO, data pin 
(n = 0- 7) remains in a state of high impedance until 
valid data appears at the output pin at access time. 
Device access time in this cycle will be the longest of 
the following intervals. 


¢ tacp 
¢ top + tr+ tcac 
« CAS high to column address delay + taa 


Glossary of Special Functions 


Table 1 is a truth table for implementing the functions 
described below. 


Masked Write Cycle With New Mask (RWM new 
mask). When the write-per-bit function is enabled as 
shown below, mask data on the W,/lO, pins is latched 
by RAS and loaded directly into the write mask register. 
A masked write cycle is then executed using CAS or 
WBME to strobe the W,/IO,, data into the on-chip data 
latch. 


Mask Register Data Action 
1 Write 
0 Do not write 
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Load Mask Register Cycle (LMR). In this cycle, data) Masked Write Cycle With Old Mask (RWM old mask). 

on W,/lO,.is written to an 8-bit write mask register, This write-per-bit cycle, commonly referred to as a 
where it is retained and used by subsequent masked persistent mask write cycle, uses the mask data previ- 
write and masked block write cycles... ously set by the last load mask register cycle: 





Table 1. ae a Truth Table (JEDEC Standard) for Random Access Port 


Mnemonic | = RAS | | Address | | DQ, Input .|Write| Register | reo 
CBRS STOP Pele refresh/STOP (no reset) 
{Notes 1, 3) (Note 4) 

‘CBRN Ee lee refresh (no reset) 

(Note 1) 

CBR ica refresh pene reset) . 
a 1) 


Tap |-WM1 Yes | Load/ Masked write transfer (new/old) 
(Note 5) Use 


eal Yes | Load/ Masked split write transfer (new/old) 


re Read transfer 
Data | Yes 
(Note 5) 


|x | Row | 

| x | Row | | — | Split read transfer 
BWM 1 1 0 0 fees Col }wmi | Col 
(Note 5) 

| 0 | Row | 

baka 

| 1 | Row | 


: 


MSWT 1 0 0 1 


RT 
SRT 1 0 1 1 


. RWM 1 1 0 ie) 


: ca 
3 
Cc 
OG 


rc 
2 

a 
~ 


3 
°o 
nm 


Cc 
@ 
A) 


Read write (new/old mask) 
Use | Block write (new/old mask) 
FWM. - 


rc 
° 
2 
Qa 
~~ 


Use | Flash write (new/old mask) 


| — | Read write (no mask) — 


Use | Block write (no mask) 


ae Load (old) mask register set ‘eyole 


Cc 
Go. 
o 


aw 
eae Ko 


LMR 
(Note 2) 


LOR 


_ 
_ 
= 
_ 


‘oO a 


Load | Load color register 


x = Don't care 

— = Not applicable 

RAS only refresh does not reset STOP or LMR functions. 
Notes: 


(1) CBRS, CBRN, and CBR all perform CAS before RAS refresh 
cycles. CBR is used to reset all options and either CBRS or 
CBRN is used to continue to refresh the RAM without clearing 
any of the options. 


After LMR, RWM and BWM use old mask. (CBR resets to new 
mask. Use CBRS or CBRN to perform CAS before RAS refresh 
while using. old mask.) 


(8) With CBRS, all SAM operations use STOP register. 


(4) STOP defines the column on which shift out moves to the other 
half of the SAM. 


(5) After LMR, WM1 is only changed by LMR (CBR resets). 


2 


— 


— 
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Table 2. Block Write Addresses 


Column Select 





By IO Data Result Corresponding Column Address 
lOz = 1 Write Ay = 1, Ag = 1 

lOz = 0 No write 

IO> = 1 Write Ay = 1,A9 = 0. 

IO2 = 0 No write 

lO, = 1 Write Ay = 0, Ag = 1 

10,=0 No write 

109 = 1 Write Ay = 0, Ag = 0 

109 = 0 No write 

Notes: 


(1) Data on 107 - 104 are don't care at the falling edge of CAS. 


Flash Write Cycle (FWM old mask). This flash write 
cycle is the same as the FWM new mask except that the 
bit mask inputs are supplied by the mask register set by 
the previous LMR cycle. 


Flash Write Cycle (FWM new mask). A flash write cycle 
can Clear or set each of the eight 512-bit data sets on 
the selected one of 512 possible rows according to 
data stored in the previously set color register Bit mask 
inputs are latched as RAS falls. This cycle is useful in 
graphics processing applications when the screen 
should be cleared or set to some uniform value as 
quickly as possible. 


Load Color Register Cycle (LCR). This cycle is exe- 
cuted in the same fashion as a conventional read or 
write cycle, with a read or write cycle available to the 
color register under the control of WE. In read opera- 
tion, color register data is read on the common W,,/lO, 
pins. In write operation, common W,/lO, data can be 
written into the color register. RAS-only refreshing is 
internally performed on the row selected by Ao - Ag. 
This setup cycle precedes the first flash write or block 
write cycle supplying the 8 write data bits. 


Block Write Cycle (BW no mask). In a block write 
cycle, A; and Ao are ignored. IOq - |O3 are used to select 
one or a combination of four column addresses for 
writing in an early write, late write, page early write, or 
page late write cycle. See table 2. 


Block write data is previously stored in the color 
register using a set color register cycle. Column select 
data is latched by the W,/lO, pins at the falling edge of 
CAS or WE. Block write cycles are useful for clearing 
windows and for accelerating polygon fill operations. 


Block Write Cycle (BWM new mask). This cycle allows 
for Wo/IOo - W7/lO7 masking during a block write cycle. 
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The masking function is identical to a standard masked 
write cycle with new mask, except that four consecu- 
tive columns are written. ; 


Block Write Cycle (BWM old mask). This cycle uses 
the masked data previously set by the last LMR cycle to 
write four consecutive columns. 


Read Data Transfer Cycle (RT). In a full-row read data 
transfer cycle, one of the possible 512 rows, as well as 
the starting location of the following serial read cycle, 
is defined by row and column address inputs. The 
low-to-high transition of DT/(OE) causes the 4096 bits of 
cell data to be transferred to the seria! data register. 


Split Read Transfer Cycle. This cycle is a half-row data 
transfer in which one of the 512 rows, the starting 
location of the following serial read cycle, and either of 
the split registers are specified by the address inputs. 
On-chip control circuitry causes the previously speci- 
fied half-row to be transferred to the selected upper or 
lower split register. 


Hyper-Page Mode With Extended Data Output. In 
operation, hyper-page mode is the same as standard 
fast-page mode. As in fast-page mode, a faster data 
rate is possible by keeping the same row address while 
successive column addresses are strobed onto the 
chip. Maintaining RAS low while CAS cycles are exe- 
cuted causes data to be transferred at a faster rate 
because row addresses are maintained internally and 
do not have to be reapplied. During hyper-page mode, 
read, write, and read-modify-write cycles may be exe- 
cuted. Additionally, the write-per-bit control specified 
in the entry write cycle is maintained throughout the 
successive fast-page write cycle. 


Extended Data Output 


The introduction of the extended data output feature 
causes the output data to remain valid even after CAS 
goes high. This is made possible by the addition of a 
transparent latch to the data: amplifier circuit. Ex- 
tended data output eliminates the torr parameter. The 
resulting longer data valid time allows for the speedup 
of the fast-page cycle time. Fast-page mode applica- 
tions that try to run at minimum cycle times find that 
timing skews and propagation delays make the data 
valid time so narrow that reliable sampling is impossi- 
ble. Extended data output is intended to solve this 
problem and permit faster page-mode cycle times, 
hence the term “hyper-page mode.” 


Hyper-Page Mode 
tupc = 35ns 


Speed Grade Fast-Page Mode 
-70 tpc = 45ns 
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In this operation, data pins Wo/lOp through W7/iO7 

remain in the low-impedance state and the valid data 

appears after the device access time. Device access 

time, tpac (page-mode access time), is the longest of 

the following intervals: 

° tacp 

° tan 

* tcac 

¢ tawet 

° tacet 

+ Page write to page read switch or continuous page 
RMW cycles. 


Serial Read Port 


The serial read port is used to serially read the previ- 
ously loaded contents of the data register starting from 
a specified location. Other graphics buffers require 
very tight timing to synchronize this port with the 
random access port, but the uPD482234/5 has been 
designed with a split register to eliminate the need for 
-. synchronized timing between the two ports. 


Read Data Transfer (RT). A data transfer is executed 
to both split registers, and the serial port direction is 
switched to the serial read mode. During this cycle, the 
row address selects the row, and the column address 
sets the start address of the next serial read sequence, 
The transfer trigger is DT/OE or RAS low-to-high transi- 
tion, whichever occurs first. The read data transfer 
cycle disables the boundary jump function in the serial 
port but keeps the stop register value. QSF will change 
depending on the column address specified during the 
RT cycle. 


Split Read Data Transfer (SRT). A review of the split 
register architecture shows that the lower register (ad- 
dresses 0 - 255) and upper register (addresses 256 - 
511) are selected by the most significant bit of the 
column addresses (Ag). Bit Ag must be specified low 
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level for transfer to the lower register and high level for 
transfer to the upper register. With the serial port split 
in half, data transfers can be executed to the inactive 
side while SC clocks are input to access data from the 
active side, This sequence allows for a longer time 
window to perform the transfer, i.e., 256 x tscc. Column 
address bits Ap - A7 are latched on-chip to provide the 
tap address pointer for each split register. 


During a split read data transfer cycle, a half row of 
memory data is transferred to one of the split half serial 
registers. The row addresses select the half row to be 
transferred and the column addresses (A7 - Ap) set the 
tap or pointer for the start of the serial read operation 
and boundary jump operation. A split read transfer 
does not change the direction of the serial port I/O. 


Data in the data register is clocked serially by SC, 
starting from the first specified address of either reg- 
ister. After the last specified address has been trans- 
ferred, QSF changes its level at the next rising edge of 
SC, and serial data transfer switches to the other 
(formerly inactive) register. Serial data output is main- 
tained until the next SC clock. 


SC clocks at the transition point; that is, the end of one 
half and the beginning of the new half of the split 
registers are restricted. Rising edges of the SC clock 
are not allowed for the last serial address (either 255 or 
511) of the active register and for the first address (any 
address depending on current address pointer) of the 
next active register (figure 1). 


SE controls the impedance of the serial output to allow 


multiplexing of more than one bank of uPD482234/5 on 
the same bus and has no effect on SC. When SE is low, 
SO, is disabled and in a state of high impedance. 
During serial write, the SE level is latched by SC rising 
edge to control the serial input buffer. SC continues to 
increment serial addresses independent of SE. 
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Figure 1. Restrictions on Rising Edges of SC for Split Read and Split Write Data Transfer Cycles 


Notes: 


[1] For split register transfers, there Is a restriction on the SC clocks at 
the transition point from the end of one half to the beginning of the 
other half split register. Rising edges of the SC clock for the last 
serial address of the Idle split register (255 or 511) and the first tap 
address are not allowed. 


The restrictions apply to split read transfers, split write transfers, split 
read transfers with stopping column control, full read data transfers 
and write data transfers. 


Serial Port Write Operation 


Serial writes can also be performed to the serial data 
register starting at the location (column address) 
specified by the previous write or split write transfer 
cycle. After writing to the serial register, the contents 
can be transferred to the specified row address in the 
DRAM array. This operation provides a fast screen clear 
function. Both a split write and full register write trans- 
fer are possible. Refer to figure 2. 


Masked Write Data Transfer (MWT). The MWT cycle, 
under write-per-bit control, transfers the contents of 
both halves of the serial data register to the selected 
row in the DRAM array. Row addresses are used to 
select the row to receive the data and the column 
addresses set the start location of the following serial 


>< The same restrictions for split write transfers except tsps apply. 





write operation. If the previous serial port operation 
was a serial read, then an MWT cycle is required to 
change the direction of the serial I/O from serial read to 
serial write. During all MWT cycles, SC clocks are not 
allowed and system timing must meet the conditions of 


tsrs and tspyR- 


In this type of transfer, the contents of the DRAM will be 
changed unless the masking or write-per-bit function is 
employed. Keeping WE and all eight !/Os low as RAS 
falls will perform a write-per-bit mask and inhibit data 
from being transferred to the RAM array. The MWT cycle 
disables the boundary jump function of the serial port 
but does not reset the stop register value. QSF will 
change in accordance with the value set by the column 
address specified during the MWT cycle. 
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Masked Split: Write Data Transfer. (MSWT).:A: data. 


transfer cycle is performed from the selected split-half 
serial register to the specified half row in the DRAM 
array. Data from the serial port is always transferred 
from the inactive side (Ag is a “don't care”) of the split 
register to the corresponding half row in the RAM array. 
The direction of the serial port I/O (serial read or write) 
remains unchanged. The same write-per-bit masking 
function is used as described in the MWT cycle. 
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QSF Special Function Output . 


This pin outputs a signal synchronized with the SC 
clock and indicating which half of the serial data 
register is active. A high level of QSF indicates that an 
upper half address (256-511) will be read from or 
written to by the next SC clock. Read and write ad- 
dresses 0 - 255 are indicated by a low QSF level. QSF 
changes on the rising edge of the SC clock for serial 
addresses 255, 511, and BJX (boundary jump). 


Advanced Serial Write Operation 


If the design objective is to write data into selected 


blocks without disturbing the background data, the 
sequence of operations in figure 3 should be followed. 


Figure 2. Example of Split Read and Split Write Data Transfers (Sheet 1 of 3) 





2) 


Masked Write | Split Write 


8RAS | CBRSor | Read Data | Split Read | Split Read 
Cycles CBR Transfer Data Xfer | DataXfer | Data Transfer 





@ © 


Split Write Read Data | Split Read 


Data Transfers | Data Transfers Transfer Data Xfer 





Notes: 
(1) A CBRS or CBR Is required to set up the serial register boundaries. 
ACBR alone or a CBRS with A7 - Agset to (11111111) sets the serial 
register to 255 and 511 splits. 
(2) A full line data transfer is required before a sequence of split read or 
wiite transfers. 


(8) Alsing edges of SC clocks are not allowed In this restricted window for 
serial addresses 255 and 511. The restricting parameters are tgso 


and tspHR- 
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(4) No SC clocks are allowed during the period specified by tgp_g and 
tspHR- 


(5) Rising edges of SC clocks are not allowed In this restricted window for 
“ serlal addresses 255 and 511. The restricting parameters are tag 
and tspHR - 


~ (6) No SC clocks are allowed during the period specified by tgg¢ and 
SDHR - 


(7) The numbers at SIOn Indicate the serial read or write address. 
83YL-8009B(1) 
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Figure 2. Example of Split Read and Split Write Data Transfers (Sheet 2 of 3) 


@) Read Data Transfer Cycle @) Split Read Data Transfer Cycle 


© Split Read Data £ —@ Masked White Data 
Transfer Cycle $ Transfer Cycle 


— a ay aa WI09.7 = Low Level Kona aes 
tspHR }<———>| | 


Ag= high Level 
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Figure 2. Example of Split Read and Split Write Data Transfers (Sheet 3 of 3) 


© Spilt Write Data ©) Split Write Data 
Transfer Cycle Transfer Cycle 


aaa | WI0 9.7 = High Level WIO 9.7 = High Level 


—>| |< tgps 


Serial Write y % Serial Write | 


@) Split Read Data 
Transfer Cycle 


Ag= High Level 





N. E Cc uPD482234, 482235 


Figure 3. Advanced Serial Write Operation 
The SC clock should be held inactive (iow level). 


Perform a read data transfer (RT), copying the contents of the 
first row of data in the selected block to the data register. 


Perform a masked write transfer (MWT) to change the serial port 
to the serial write mode and set the start address for the next 
serial write operation. For this MWT, the bit mask data on all 
VOs will be set to 0, preventing the memory array data from 
being changed. 


Perform a split read transfer (SRT) to set the data and tap 
address. (The serial port remains in the serial-in mode.) 


SE goes low (active) and the SC clock starts writing data to the 
lower half of the serial register. 


First, perform a split write transfer (SWT) cycle after the serial 
address moves from the lower to the upper half-register (QSF 
toggles). 


Followed by 
toggles Serial Writes 


During the previous serial write to the upper half-register, a split 
read transfer was performed to the lower half-register, setting the 
tap for serial write to the lower half-register. When the serial write 
is completed to the upper half-register, a split write transfer is 
executed to transfer the new data to the memory array. 


This process is continued until the entire new block of data is 
written to the memory array. 
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Stopping Column Control 


On previous dual-ported memories, after setting the 
pointer control (column. start address in the serial 
register), there was no way to jump to the other half 
split register without serially clocking through the mid- 
point 255/256) of the 512-bit serial data register. An- 
other way of stating this is that only a start position 
could be specified, not a stopping point. 


The uPD482234/5 includes an 8-bit stop register, which 
corresponds to a boundary location in each split half 
register. The stop register value is latched during a 
special CAS before RAS cycle (CBRS) using address 
inputs Ag-A7. Sixteen different stop positions or 


boundaries can be specified for each half register _ 
using a stop register set cycle. With this feature, a 


‘mid-register to mid-register jump is possible. Refer to 
figure 4. 


Application for Stopping Column Control. Since the 
page tiles are not organized for the display in scanline 
sequence, a method is needed to reassemble the seg- 
mented or tiled data from the memory array so that it 
flows out of the serial port in a scanline sequence. 
Stopping control provides the data transfer mecha- 
nism for moving pieces of data from the paged tiles 
through the serial port and out to the screen in a raster 
format. 


By using stopping column control, the serial port can 
now clock out selected pieces of data, allowing the 
transfer of data corresponding to sequential pixels ona 
scanline. This feature provides for a flexible segmenta- 
tion of memory and permits an efficient transfer of 
these segments from the memory to the screen. 


CAS Before RAS Refresh Cycle With Stop Register 
Set (CBRS). This special CAS before RAS cycle writes 
boundary locations to a stop register The boundary 
value is supplied by addresses Az - Ap. and is latched at 
the falling edge of RAS. (Note: This is a real-time stop 
register set cycle; that is, the new stop register value is 
changed during this CBRS cycle.) 


After power-up, initializi ng this register by performing a 
CBRS or aCBR (option reset CBR register) is required. 


The value in the stop register and its bit boundary _ 


NEC 


Table 3. Stop Register Set. 


Stop Register 
Value A7 - Ag 


411 1111. 
0111 1111 
0011 1111 
0001 1111 


Boundary Location 
(Jumps to tap after accessing this boundary) 


255, 511 (default) 
127, 255, 383, 511 
63, 127, 191, 255, 319, 383, 447, 511 


31,.63,.95, 127, 159, 191, 
223, 255, 287, 319, 351, 383, 
415, 447, 479, 511 


15, 31, 47, 63, 79, 95, 

111, 127, 143, 159, 175, 191, 

207, 223, 239, 255, 271, 287, 
303, 319, 335, 351, 367, 383, 399, 
415, 431, 447,463, 479, 495, 511 


0000 1111 


CAS Before RAS Refresh Cycle With Option Reset 
(CBR). After executing this option reset cycle, the 
write-per-bit mask register and the stop register will 
reset to the default condition. For example, the write- 
per-bit masking will be new mask and the stop register 
will be reset to 1111 1111. This CBR cycle will refresh the 
specified row in the DRAM. 


‘CAS Before RAS Refresh Cycle With No Reset 


(CBRN). This CAS before RAS cycle refreshes the 
specified row without clearing or changing any of the 
options and register values. 


Recommended CBR, CBRS, and CBRN Cycles 


To'ensure that the device has not entered unwanted 
register modes, at least one CBR (option reset) after 
power has stabilized is recommended. Eight CBR cy- 
cles or combination of RAS and CBR cycles satisfies 
the initialization sequence. 


ACBR after each vertical retrace is recommended. This 
fail-safe routine is for cases where a system misopera- 


tion causes entry into an unwanted mode. If the stop 


register function is used, then a CBRS would follow 
every CBR cycle. If the stop register function is not 
required and persistent write masking is employed, 
then use a CBRN. This keeps the old mask function. 


location are shown intable 3. This CBRS cycle wil also. 


refresh the specie row in the DRAM. 
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Figure 4. Example of Split Read Transfer With Boundary Jump (Sheet 1 of 2) 


Upper Half Split Register 


Jump Jump 


TAPIL WAAAv BJS TAPIU WAAA BU2 TAP2L AAY 
Serial Serial Serial 
Access Access Access 


C) Perform a Stop Register Set Cycle CBRS 
CBR with WE = low level and DSF = high level 
A7-Ag = 00111111 


@) Split Data Transfer Cycle 
(3) Split Data Transfer Cycle 
@) Split Data Transfer Cycle 


L = 64-bit boundaries 

TAPXxL. = Tap position in lower half register 
TAPXU = Tap position in upper half register 
BUx = Bit boundaries 
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Figure 4. Example of Split Read Transfer With Boundary Jump (Sheet 2 of 2) 
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© Split Read Data @®) Split Read Data 
Transfer Cycle Transfer Cycle 


Ag = High Level 


High Level 


Split Read Data 
@ Transfer Cycle 


Ag= Low Level / 


BJS Tap 1U Tap 2L 


| g % 


>€ No tap specified. No Jump. 
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Absolute Maximum Ratings 
Voltage on any pin except Voc 





Capacitance 


uPD482234, 482235 


Ta = 0 to +70°C; Vog = +5.0V +10%; f =1 MHz; GND = OV 











relative to GND, Vpy -1.0 to +7.0V Parameter Symbol Limit (max) Unit Pins Under Test 
Voltage on Vog relative to GND, Vpo -1.0 to +7.0V Input Cray 5 pF = Ag-Ag 
Operating temperature, Topp 0 to +70°C Capacitance CyDTiOE) 8 pF DOE 
Storage temperature, Tstg -55 to + 125°C CiweWwe) 8 pF WB/WE 
Short-circuit output current, log 50 mA CypsF) 8 pF DSF 
Power dissipation, Pp 1.5W Ci(RAS) 8 pF = RAS 
Exposure to Absolute Maximum Ratings for extended periods may C\(CAs) as pF CAS 
affect device reliability; exceeding the ratings could cause perma- Cys) 8 pF SE 
nent nathan The device should Be operated within the limits Cusco) 8 pF SC 
specified under DC and AC Characteristics. 
Input/output Clowio) 7 pF Wo/lOo - W7/l07 
A oe it 
Recommended Operating Conditions ae aa 
t F $§109-SIO 
Parameter Symbol Min Typ Max Unit = OutPu Covsio) P toca A 
capacitance 
Coyasr) 7 pF QSF 
Supply voltage Voc 4.5 5.0 5.5 Vv 
Input voltage, high Vin 2.4 5.5 V 
Input voltage, low Vit —-1.0 0.8 V 
Ambient temp Ta 0 +70 °C 
Power Supply Current 
Ta = Oto +70°C; Voc = +5.0 V +10%; GND = OV 
Port Operation 
Random Access Serial Read Parameter ~70 (max) -80 (max) Unit Test Conditions 
Read/write cycle Standby loci 130 130 mA RAS and CAS cycling; 
DSF low as RAS falls; 
tac = tac min; SE = Vip; 
SC = Viy or Vip 
Standby Standby Ioc2 10 10 mA Dout = high impedance; 
address cycling; tac = tao min; 
CAS = RAS = Vin; 
SE = Vip; SC = Vipy or Vit 
(Note 4) 
1.0 1.0 mA RAS, CAS, and SE = Vec-0.2V; 
Ao- Ag, WB/WE, DI/OE, DSF, SC stay 
at Vin = Voc-0.2V or Vy s 
GND + 0.2V 
RAS- only refresh Standby locos 115 115 mA RAS cycling; CAS = Viy; DSF low as 
cycle RAS falls; tac = tac min; SE = Vip; 
SC = Vij or Vit (Note 2) 
Fast-page cycle Standby loca 100 90 mA RAS = Vj,; CAS cycling; 
tpc = tpc min; SE = Vip; 
Hyper-page cycle Standby loca 130 120 mA SC = Vjy or Vy, (Note 3) 
CAS before RAS Standby lecs 90 90 mA CAS low as RAS falls; 
refresh cycle tac = tac min; SE = Vip; 
SC = Viy or Vip 
Data transfer cycle Standby loce 140 140 mA DT low as RAS falls; 


tac = tac min; SE = Vip; 
sc = Vin or Vit 
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Power Supply Current (cont) 
Port Operation 


Random Access Serial Read 


Parameter 


loc7 


loce 


locg 


—70 (max) 


195 


70 


180 


-80 (max) 


190 


65 


175 


Unit 
mA 


mA 


mA 


NEC 


Test Conditions 


RAS and CAS cycling; 

DSF low as RAS falls; 

tac = tro min; SE = Vins 
SC cycling; tscc = tscc min 
Dout = high impedance; 
address cycling; tac = tac min; 
CAS = RAS = Vin 

SE = Vip; SC cycling; 

tscc = tscc min (Note 4) 
RAS cycling; CAS = Vin; 
DSF low as RAS falls; 

tro = tao min; SE = Vy; 


SC cycling; tsoc = tgscco min 


Read/write cycle Active 
Standby Active 
RAS-only refresh Active 
cycle 

Fast-page cycle Active 
Hyper-page cycle Active 
CAS before RAS Active 


refresh cycle 


Data transfer cycle Active 


Color register set Standby 
cycle 

Color register set Active 
cycle 

Fiash write cycle Standby 
Flash write cycle Active 
Block write cycle Standby 
Block write cycle Active 
Block write in Standby 
fast-page cycle 
Block write in Standby 
hyper-page cycle 

Block write in Active 
fast-page cycle 

Block write in Active 


hyper-page cycle 


Notes: 


loci0 
locto 


loon 


loc12 


loc1s 
loot 
loc15 
lecis 
loc17 
lecis 
loci9 
loci9 
Icc20 


loc20 


165 
195 
155 


205 


120 


185 


120 


185 


130 


195 


110 


135 


175 


200 


(1) No load on IO, SO, and QSF. Except for loco, real values depend 
on output loading in addition to cycle rates. 


(2) CAS is not clocked but is kept at a stable high level. The column 
addresses are also assumed to be kept stable at either a high or 


low level. 


20 


150 | 


180 
150 


200 


120 


180 


120 


180 


130 


190 


100 


125 


160 


185 


mA 
mA 
mA 


mA 


mA 


mA 


mA 


mA 


mA 


mA 


mA 


mA 


mA 


mA 


RAS = Vy; CAS cycling; 

tpco = tpco min; SE = Vy; 
SC cycling; tsc¢¢ = tscc min (Note 3) 
CAS low as RAS falls; 

tac = tac min; SE = Vi; 
SC cycling; tscc = tscc min 
DT low as RAS falls; tae = tag min; 
SE = Vjr; SC cycling; 

tsoc = tsco min 

tac = tao min; SE = Vini 
SC = Vip or Vit 

tao = tao min; SE = Vi; 
SC cycling; tscc = tscco min 
tac = tac min; SE = Vini 
SC = Vin or Vit 

tro = tac min; SE = Vy; 
SC cycling; tscc = tscco min 
tac = tac min; SE = Vins 
SC = Vin or Vic 

tac = tac min; SE = Vins 
SC cycling; tscc = tscc min 
tpc = tpc min; SE = Vin; 
SC = Vin or Vit 


tpc = tpo min; SE = Viz; 
SC cycling; tscc = tscco min 


(8) A change in column addresses must not occur more than once in 
a fast-page cycle. 


(4) A change in row addresses must not occur more than once in a 
read or write cycle. 
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DC Characteristics 
Ta = 0 to +70°C; Veg = +5.0V +10%; GND = OV 


Parameter Symbol Min Typ Max Unit Test Conditions 








Input leakage current hit —10 10 LA Vin = 0 to 5.5; all other pins 
not under test = OV 


Output leakage current lo. -10 10 vA Dourt (IO, SIO) disabled; 
Vout = 0 to.5.5V 





Random access port output voltage, high VoH(R) 2.4 V lon(R) = —1 mA 
Random access port output voltage, low VoL(R) 0.4 V lor) = 2.1 mA 
Serial read port output voltage, high VonH(s) 2.4 Vv lon(s) = —1 mA 
Serial read port output voltage, low Vous) 0.4 V lors) = 2.1 mA 
AC Characteristics 
Ta = 0 to +70°C; Vog = +5.0V £10%; GND = OV 

-70 -80 
Parameter Symbol Min Max Min Max Unit Test Conditions 
Access time from column address taa 35 40 ns (Note 4) 
Access time from previous CAS tace 65 75 ns (Note 14) 
Access time from CAS trailing edge tacp 40 45 ns 
DT low hold time after address tapp 25 30 ns (Note 9) 
Column address setup time tasc o ; 0 ns 
Row address setup time tasr 0 0 ns 
Column address to WE delay time tawp 55 65 ns (Note 7) 
Access time from previous WE tawe 60 70 ns (Note 14) 
Acces time from CAS tcac 20 25 ns (Note 4) 
Column address hold time tcaH 10 12 ns 
CAS pulse width tcas 20 10,000 20 10,000 ns 
DT low hold time after CAS low toDH 20 25 ns (Note 9) 
CAS hold time for CAS before RAS refresh tour 10 12 ns 
CAS precharge time top 10 10 ons 
CAS precharge time (non-page mode) topn 10 10 ns 
Propagation delay time from CAS to QSF tcap 0 65 0 75 ns 
CAS high to RAS low precharge time tcrp 10 10 ns 
CAS hold time tosH 70 80 ns 
CAS setup time for CAS before RAS refresh tosr fe) ny) ns 
CAS to WE delay time towp 40 50 ns (Note 7) 
Write command to CAS lead time tow. 15 20 ns 
Data in hold time tou 12 15 ns (Note 8) 
Output hold time from CAS tpHo 5 5 ns (Note 14) 
DT high hold time tpHH 10 12 ns 
DT high setup time tpHs 0 ) ns 
DT low setup time toLs 0 ) ns 
Propagation delay time from DI/OE to QSF tpap ) 30 0 35 ns 
Propagation delay time from RAS high to QSF tpar ) 40 0 45 ns 
Data in setup time tos 0 0 ns (Note 8) 
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AC Characteristics (cont) 


Parameter 

DT high pulse width 

DT high to RAS high delay 

DSF hold time from CAS 

DSF setup time from CAS 

DSF hold time from RAS 

DSF setup time from RAS 

CAS pulse width 

Hyper-page mode cycle time 
Read-write/Read-modify-write cycle time 
OE hold time after CAS high 
Access time from OE 

OE high to data in setup delay 

OE high hold time after WE low 
OE to RAS inactive setup time 
Output disable time from OE high 
Output disable time from CAS high 
Output disable time from CAS high 
Output disable time from RAS high 
OE hold time after RAS high 
Fast-page mode cycle 

Propagation delay time from SC to QSF 
Access time from RAS 

RAS to column address delay time 
Row address hold time 

Column address to RAS lead time 
RAS pulse width (non-page mode) 


RAS pulse width in page mode/hyper-page 
mode ; 


Random read or write cycle time 

RAS to CAS delay time 

Read command hold time after CAS high 
Read command setup time 

DT low hold time after RAS low 


Refresh period 

RAS precharge time 

RAS high to CAS low precharge time 
Propagation delay time from RAS to QSF 
Read command hold time after RAS high 
RAS hold time 


Symbol 
toTP 
tpTR 
tFcH 
tres 
tFERH 
ters 
tHcas 
tupc 
tprwc 
tocH 
toEA 
toeD 
toEH 
toes 
toEz 
tore 
torr 
torR 
torH 
tec 
tpp 
trac 
trap 
tRAH 
tRAL 
tRAS 
trasP 


tro 
trep 
tRoH 
tacos 
tRDH 
tRDHS 
tREF 
trp 
tapc 
trap 
tRRH 
tRsH 


-70 
Min Max 
20 
0 
12 
ie} 
10 
0 
10 10,000 
35 
90 
10 
20 
15° 
0 
0 
0 15 
0 15 
te) 15 
fe) 15 
10 
45 
20 
70 
15 35 
10 
35 
70 10,000 


70 100,000 


20 50 


95 


20 


12 
40 
105 
10 


17 
12 
40 
80 
80 


150 
22 


70 


15 


60 


10 


20 


Max 


10,000 


25 


20 


20 
20 


25 
80 
40 


10,000 
100,000 


55 


— 105 


Unit 
ns 
ns 
ns 
ns 
ns 
ns 
ns 
ns 
ns 
ns 
ns 
ns 
ns 


ns 


ns 


ns 


ns 
ns 
ns 


ns 


ns 
ns 
ns 


ns 


ns 
ns 
ns 
ns 
ns 
ns 
ms 
ns 
ns 
ns 
ns 


ns 


NEC 


Test Conditions 


(Note 9) 


(Note 14) 
(Note 14) 


(Note 5) 

(Note 5, 10, 14) 
(Note 5, 11) 
(Note 5, 10, 14) 


(Note 4) 
(Note 4) 


(Note 4) 
(Note 6) 


(Note 9) 
(Note 9) 


(Note 6) 
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AC Characteristics (cont) 





-70 -80 

Parameter Symbol Min Max Min Max Unit Test Conditions 
Read-write/Read-modify-write cycle time tawe 185 205 ns 
RAS to WE delay time trwo 90 105 ns (Note 7) 
Write command to RAS lead time tRWL 20 20 ns 
Serial output access time from SC tsca 17 20 ns 
Serial clock cycle time tscc 22 25 ns 
SC pulse width tscH 5 7 ns 
SC precharge time tsor 5 7 ns 
SC high to DT high tspp (o) 0 ns (Note 9) 
SC low hold time after DT high tspy 40 50 ns (Note 9) 

tspHR 45 55 ns (Note 9) 
Serial output access time from SE tsEA 17 20 ns 
SE pulse width tsEE 5 7 ns 
SE hold time from SC tsEH 10 12 ns 
SE precharge time tsep 5 7 ns 
SE setup time tses 9) 9) ns 
Output disable time from SE high tsEz ce) 15 0 20 ns (Note 5) 
Serial data in hold time tsiy 10 12 ns 
Serial data in setup time tsis ce) ) ns 
Serial input disable time from SC tsiz 0 0 ns 
Serial output hold time after SC high tsou 5 5 ns 
SE low to serial output setup delay tsoo 5 5 ns 
SC hold time from RAS ts\aH 10 10 ns (Note 12) 
SC setup time from RAS tsps 10 10 ns (Note 12) 
Serial output disable time from RAS tspz 0 ) ns 
SC high to CAS low tssc 10 10 ns (Note 9, 12) 
Serial input enable time from RAS ts7H 20 25 ns 
Transition time (rise/fall) tr 3 35 3 35 ns 
Write-per-bit hold time twBH 10 12 ns 
Write-per-bit setup time twes 0 0 ns 
Write command hold time tweou 12 15 ns 
Write command setup time twos 0 0 ns (Note 7) 
Output disable time from WE low twez 0 15 0 20 ns (Note 5, 10) 
Write bit selection hold time twH 10 12 ns 
Write command pulse width twp 12 15 ns 
Write command pulse width twpz 12 15 ns (Note 10) 
Write bit selection setup time tws 0 0 ns 
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AC Characteristics (cont) 


Notes: 


(1) 


(2 


— 


(3, 
(4 


eS OS 


(5 


~— 


() 


All applied voltages are referenced to GND. 


An initial pause of 100 pis is required after power-up (Voc = 4.5 
V), followed by any eight RAS cycles, before proper device 
operation is achieved. 


See figures 5 for reference voltages and output loads. 


Operation within the tacp (max) limit ensures that trac (max) 
can be met. The taop (max) limitis specified as a reference point 
only. If tacp is greater than the specified tacp (max) limit, 
access time is controlled exclusively by toac or tag. 

Assumed: trap (min) = tray (min) + tr. 


An output disable time defines the time at which the output 
achieves the open-circuit condition and is not referenced to 
output voltage levels. 


Either tary (min) or tacy (min) must be satisfied for a read 
cycle. 


twos, tcwo: tawp and tawp are restrictive operating parame- 
ters in early-write and read-modify-write cycles only. if twos = 
twces (min), the cycle is an early write cycle and the data output 
will remain open-circuit throughout the entire cycle. 


lf towp 2 tcwp (min), tawp 2 trawp (min), and tawp = tawp 
(min) the cycle is a read modify-write cycle and the data output 
will contain data read from the selected cell. If none of the above 
conditions is met, the condition of the data output (at access 
time and until CAS returns to Vj) is indeterminate. 


8) 


(9 


4 


(10) 


(11) 


(12) 


(13) 


(14) 


These parameters are referenced to the leading edge of CAS in 
early write cycles and to the leading edge of (WB/)WE in delayed 
write or read-modify-write cycles. 


tapH: topy: tapp: tspp: tsp aNd tprR is an alternative param- 
eter set of taps: tssc, and tgspHR especially for real-time data 
transfer condition. 


Hyper-Page Mode Only: IO9 - lO, turn to Hi-Z state when 

e Both RAS and CAS go high; later one of torr and toro is 
valid. 

e WE goes low; twez and twpz are valid. 

« OE goes high; togz is valid. 


Fast-Page Mode Only: CAS goes high; torr is valid. 


lf the stop register value is changed by a CBRS cycle, the CAS 
before RAS cycle must meet tgag and igny to guarantee a 
following serial port boundary jump operation. Otherwise, tgpg 
and/or tgppy are “don't care” for those cycles. 


In a split read data transfer cycle and split write data transfer 
cycle, tgg¢ and tgag are measured from the SC rising edge 
which reads/writes an address specified as boundary or tap 
location. These SC rising edges are not allowed during tggc¢ or 
tsps through tspHrA- 


These parameters apply only for the hyper-page mode devices 
(uPD482235). 


Figure 5. Voltages and Loads for Timing Measurements 
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C;, = 50 pF (RAM Port, IO) 
= 30 pF (Serial Port, SIO) 


C,_ Includes stray capacitance 
of measuring circult. 
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Timing Waveforms 


Read Cycle (Hyper-Page Mode) 


Os 


Wo.7!109.7 
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Timing Waveforms (cont) 


Early Write Cycle and Early Block Write Cycle 
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Timing Waveforms (cont) 


Late Write Cycle and Late Block Write Cycle 


Oy 
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Timing Waveforms (cont) 


Read-Write/Read-Modify-Write Cycle 





a ae 


| 
fom 
tea be || 
| || 


tasR 


a a 
| ta —} 


| 
tous | | «ew 


twas —> 


tDHH 
yy 


tws 


| 
/ MM 


trac 
tWH 


(| Write-Per-Bit.h 
Select 


Wo.7!109.7 


aT A NS 5 Od, eee 5 Re, Uy. ae. ae | 


28 


| trw 
[pe 


| L{[f peas *\\ 
> NS Dee 





bid 


tow. | 


J © ale” © am oti Y mY mm me Y MY MY 2am © MY mY ey oY eS tv RY 


NT NF AT oP, ss es 


trac 


I 


Lh veabaabdenhoank suk ara unk ak \uok Sunde 


a To oe ae oe oe ee me, 
Decl kok rand Sank eh Snhdund reckdnad 


D 
a 


toep t 
DS 


= 
SY ot ie 


ww" Vy VY VYVYVYY_YVV_YV_Y_YVY_\Y VY_YY¥YVy_Y vyY_\yYw_ Wy ¥Yy\y YY YY VY VY 


toez 


NE SF ON ss, a... 


NEC 


Timing Waveforms (cont) 


Fast-Page Read Cycle 


“i 


tcopn 
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Timing Waveforms (cont) 


Hyper-Page Read Cycle 
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Timing Waveforms (cont) 


Fast-Page/Hyper-Page Early Write Cycle and Fast-Page/Hyper-Page Early Block Write Cycle 


tcrP 


al 


tcPn 
tRAD 
tRAL 


tRAH 
tasR tasc tCAH 


Write Data/ 
Column Select 





31 


pPD482234, 482235 N. EC 


Timing Waveforms (cont) 


Fast-Page/Hyper-Page Late Write Cycle and Fast-Page/Hyper-Page Late Block Write Cycle 
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Timing Waveforms (cont) 


Fast-Page/Hyper-Page Read-Modify-Write Cycle 


OXY 
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Timing Waveforms (cont) 


Hyper-Page Write/Read Cycle 
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Timing Waveforms (cont) 


Register Set LMR and LCR Cycles (Early Write) 








POT 
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* High level = Color register set cycle 
Low level = Mask register set cycle 
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Timing Waveforms (cont) 


Register Set LMR and LCR Cycles (Late Write) 


OOK MALLYA 


Low level = Mask register set cycle 
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Timing Waveforms (cont) 


Reset Mask Register to New Mask Mode Cycle (non-JEDEC Standard) 
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Timing Waveforms (cont) 


Flash Write Cycle 


tCHR 


7 
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Timing Waveforms (cont) 


RAS-Only Refresh Cycle 
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Timing Waveforms (cont) 


CAS Before RAS Refresh Cycle With No Option Reset (CBRN) 


DIME 
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Timing Waveforms (cont) 


CAS Before RAS Refresh Cycle With Option Reset (CBR) 
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Timing Waveforms (cont) 


CAS Betore RAS Refresh Cycle With Stop Register Set (CBRS) 
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Timing Waveforms (cont) 







Hidden Refresh Cycle 
tac <—_—_—_—___—_—— rc 
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ran XX wow RMN ose IY 


[tates ese 
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Timing Waveforms (cont) 


Data Transfer Cycle With Serial Port Active 


XXX) 


High impedance 





44 


NV. KC pPD482234, 482235 


Timing Waveforms (cont) 


Data Transfer Cycle With Serial Port in Standby 


tac 
tras trp 
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Read Data Transter Cycle (Serial Write to Read Mode Switch) 


trop Post 


tcsH 
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Split Read Data Transfer Cycle 
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Write Data Transfer Cycle (Serial Read to Write Mode Switch) 
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Timing Waveforms (cont) 


Write Data Transfer Cycle 
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Split Write Data Transfer Cycle 


tasc 
tRAH tCaAH 


OX) 


tsoc 
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ais Ry Be Ee Ee 
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Timing Waveforms (cont) 


Serial Read Cycle 


tscc [Note 1] tscc [Note 2] 
tse. tse 


eae 


Notes: 
[1] Last location of spilt register (Loc: 127 or 255) and boundary address 
[2] The starting location of newly activated register 
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Timing Waveforms (cont) 


Serial Write Cycle 
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PRAM Modules 
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Section 13 


Synchronous DRAM 


pPD 

42116420 
42116820 
42116920 
42116162 
42116182 


Organization 
4M x 4 

2M x 8 

2M x 9 

1M x 16 

1M x 18 


Features 

3.3-volt 13a 
3.3-volt 

3.3-volt 

3.3-volt 

3.3-volt 


NEC 


NEC 


NEC Electronics Inc. 


Advance Information 


Description 


The uPD42116x is asynchronous DRAM (SDRAM) using 
a single 3.3-volt power supply and with all input signals 
synchronized to an external clock. Commands are 
given to the SDRAM by a combination of input signals 
RAS, CAS, WE, CS, CKE, and DQM. The state of these 
signals is read on the rising edge of the clock. Typical 
commands are activate, read, write, precharge, and 


refresh. 
The synchronous DRAM family has the following op- 
tional memory organizations: 


Part Number Organization 


uPD42116420 4M x 4 
uPD42116820 2M x 8 
uPD42116920 2M x 9 
uPD42116162 1M x 16 
uPD42116182 1M x 18 


Refreshing may be accomplished by any of the follow- 
ing methods: (1) a CAS before RAS command that 
internally generates the refresh address; (2) self- 
refresh, which internally generates both the refresh 
address and the timing to automatically execute the 
cycle; (3) a precharge command followed by the acti- 
vate command with the row address to be refreshed; 
and (4) normal read and write cycles on the 4096 row 
address combinations of Ao - Ay; during a 32-ms pe- 
riod. 


Features 


QO Fully synchronous DRAM with all signals 
referenced to a positive clock edge 

QO Automatic precharge and user-controlled 
precharge commands 

QO Ping-pong operation between the two internal 
memory banks 

O 3.3-volt power supply 

LVTTL-compatible inputs and outputs 

QO Programmable burst-length (1, 2, 4, 8, full-page) 


o 


uPD42116x 

(x = 420, 820, 920, 162, 182) 
16-Megabit Synchronous 
Dynamic CMOS RAM 


| 


Sequential or interleave programmable burst 
sequence a 

Programmable CAS latency 

Suspend operation 

CBR and self-refresh 


oo00oa0 


cycle 


Pin Identification 


Random column address selectable on every clock 





Symbol Function 
AgrA14 Address inputs 
AoA Row address inputs 

Column address inputs 
Ag-Ag 4M x 4 
Ao-Ag 2M x 8, 2M x 9 
Ag-A7 1M x 16, 1M x 18 
Azo Enable/disable autoprecharge 
Ait Bank select 

Data inputs/outputs 
DQo-DQ3 4M x 4 
DQo-DQ7 2M x 8 
DQo-DQg 2M x 9 
DQp-DQ45 1Mx 16 
DQo-DQ17 1iMx 18 
CAS Column address strobe 
CKE Clock enable 
CLK System clock input 
cs Chip select 
DQM DQ mask enable 
LDQM, UDQM DQ mask enable 
RAS Row address strobe 
WE Write enable 
Veco Supply voltage 
Voca Supply voltage for DQ 
Vss Ground 
Vssa Ground for DQ 
NC No connection 


Contact your NEC sales representative for a copy of the complete data sheet. 


60228 
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Pin Configurations 


44-Pin TSOP (0.8-mm pitch); 4M x 4 SDRAM 





uPD42116420 








oO 







oON OMA POND = 


—_ 





Suffix -9JUF in the package identifier 
denotes normal pinout sequence. 





44-Pin TSOP (0.8-mm pitch); 2M x 8/9 SDRAM 


pPD42116820, 42116920 
a, 


pb = 
° 


NO Ob © 


np ee a, ee ee eo mee) 
B® Bscataanraonrs 


Suffix -9UF In the package Identifier 
denotes normal pinout sequence. | 
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Pin Configurations (cont) 
50-Pin TSOP (0.8-mm pitch); 1M x 16 SDRAM 50-Pin TSOP (0.8-mm pitch); 1M x 18 SDRAM 


pPD42116162 »PD42116182 


1} 
fe) 


OQOOonvnoaor on = 
oan oaaran — 


a ee ee ee ee ee ee ee 
ON Oak OND = © 
7 
Noor @©OND =| 6 


Suffix -9JF In the package Kentifier Suffix -9JF In the package identifier 
denotes normal pinout sequence. denotes normal pinout sequence. 
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Signal Description 
Name 
A. Address lines 


Aio Address bit Ayo, when CAS is active, enables/disables 
autoprecharge. 


Function 


Ay Address bit A selects which of the two memory 
banks is to be used. 


CAS CAS is part of the input command to the SDRAM. See 
truth table for details. 


CKE Clock enable disables the clock internally, thus 
allowing data to remain on the output for several clock 
cycles. Clock enable is also used as part of the input 
command to specify self-refresh. 


CLK The positive edge of the clock input strobes the 
commands placed on the input lines. It is also used by 
the system to strobe output data from the SDRAM. 


cs Command select indicates that the command on the 
input lines is for this device. If command select is 
inactive, the input command will be ignored. 


DQ Data input/output lines transfer data between the 
memory array and the system bus. 


DQM Data output mask turns off the output buffers during 


a read. During a write, DQM active prevents a write to 
the current memory location. 


LDQM Data output mask turns off the lower byte of the 


output buffers during a read (x16 and x18 devices 
only). During a write, DQM active prevents a write to 
the lower byte of the current memory location. 


UDQM Data output mask turns off the upper byte of the 


output buffers during a read (x16 and x18 devices 
only). During a write, DQM active prevents a write to 
the upper byte of the current memory location. 


RAS RAS is part of the input command to the SDRAM. See 
truth table for details. 


WE Write enable is part of the input command. See truth 
table for details 


Commands (figure 3) 


Activate. This command is very similar to activating 
RAS in a standard DRAM. The activate command se- 
lects a row in either memory bankA or bank B (selected 
by address bit A;1); the datain all memory cells in that 
row is read by the sense amplifiers. This operation 
destroys the data in the memory cells. Before another 
row in the same memory bank is selected, a precharge 
command must be executed to restore the data in 
memory cells. 


Burst Stop. When a full-page burst length is specified, 
the synchronous DRAM will continuously output data 
on each clock. The burst stop command allows the 
data stream to be terminated. The burst will terminate 
after one additional piece of data has been output. The 
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command for burst stop is CS and WE low; CKE, RAS, 
and CAS high. 


Precharge. This command is similar to transitioning 
RAS from an active state to an inactive state in a 
standard DRAM. Precharge causes the data in the 
sense amplifiers to be rewritten into the memory cells. 
It also initializes the sense amplifiers in preparation for 
reading another row in the memory array. See figure 4. 


Read. Transfers data from the selected sense amplifier 
to the output buffer as determined by the column 
address. During each succeeding clock, new data will 
be output without additional read commands. See 
figures 8, 9, and 10. 


Refresh. Similar to CAS before RAS refresh in a stan- 
dard DRAM. This command causes a row to be read in 
both memory banks as determined by the refresh row 
address counter. After being read, the row is automat- 
ically rewritten back into the memory cell. Before 
execution of this command, both memory banks must 
be in a precharged state. 


Register Set. This command allows setting different 
options for the SDRAM. The options include (1) burst 
length and type, (2) enable or disable autoprecharge, 
and (8) number of latency cycles between a read 
command and data availability. See figures 5, 6, and 7. 


Self-Refresh. Same as refresh except that it is used 
when the device will be in standby for a very long time, 
such as when system power is turned off. In this case, 
self-refresh will automatically generate internal refresh 
cycles to keep the data in both memory banks re- 
freshed. Before execution of this command, both mem- 
ory banks must be in a precharged state. 


Write. Transfers data from the output buffer to the 
selected sense amplifier as determined by the column 


-address. During each succeeding clock, new data will 


be input without additional write commands. See fig- 
ure 9. 


Glossary 


Autoprecharge. At the end of a burst (either read or 
write), a precharge will be executed without the system 
having to execute a precharge command. 


Bank of Memory. One or more memory arrays within a 
chip that can be controlled independently but share 
common control, address, and data lines. NECS 
SDRAM has two banks of memory on each chip. 


NEC 


Burst Length. The amount of data that will be sequen- 
tially accessed for each read or write command prior to 
automatic termination of the command. The burst 
length is programmable. See figure 5. 


Burst Wrap. The order in which data will be automati- 
cally accessed from a single bank during a burst by the 
device. This order can be either sequential or inter- 
leaved. Some microprocessor cache systems are opti- 
mized for sequential! and others are optimized for 
interleaved. See figures 1and 5 for details. 


Latency. Number of clocks after the clock that initiates 
acommand before the action takes place. For example, 
a CAS latency of 2 means that on the second clock 
after the CAS signal has been clocked in, data will be 
valid on the output. 


Ping-Pong. Having two or more internal banks of mem- 
ory active and being able to access data from any bank 
of memory without having to wait for both a RAS anda 
CAS latency to elapse before data is available. Figure 
10 is an example of ping-ponging between the two 
memory banks. 


Figure 1. Address Sequence Example 


Burst Type 
Sequential Interleave 
Burst Length (BL) BT =0 BT = 1 
1 (000) No burst No burst 
2 (001) 0-1 0-1 
1-0 1-0 
4 (010) 0-1-2-3 0-1-2-3 
1-2-3-0 1-0-3-2 
2-3-0-1 2-3-0-1 
3-0-1-2 3-2-1-0 
8 (011) 0-1-2-3-4-5-6-7 O-1-2-3-4-5-6-7 
1-2-3-4-5-6-7-0 1-0-3-2-5-4-7-6 
2-3-4-5-6-7-0-1 2-3-0-1-6-7-4-5 
3-4-5-6-7-0-1-2 3-2-1-0-7-6-5-4 
4-5-6-7-0-1-2-3 4-5-6-7-0-1-2-3 
5-6-7-0-1-2-3-4 5-4-7-6-1-0-3-2 
6-7-0-1-2-3-4-5 6-7-4-5-2-3-0-1 
7-0-1-2-3-4-5-6 7-6-5-4-3-2-1-0 
Full page (111) Ys,¥s+1,Ys+2,... No support 


1Yf,0,1,2,.. 


Ys, Ys+1,Ys+2,... 
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Figure 2. DRAM Control Timing 
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SDRAM Function Truth Table 


= CKE DRAM 

Operation Pre Cur CS RAS CAS WE DQM Aj Aigo. Ago Mnemonic Equiv (Fig 2) 
Mode register set H xX L L L L X Opcode + mode MRS 
CBR refresh H H L L L H X X xX X REFR (f) 
Entry self-refresh H L L L L H xX X xX X SRENT (f) 
Single-bank H X L L H L X BS L X PRE (e) 
deactivate/precharge 
Precharge all banks H X L L H L X X H X PALL 
Bank activate H X L L H H X _ Row address ACTV (b) 
Write H X L H L L xX BS L Col WRITE (d) 
Write and H X L H L L X BS H Col WRITEA 
autoprecharge 
Read H X H L H X BS L Col READ (c) 
Read and H X L H L H xX BS H Col READA 
autoprecharge , 
Reserved (Burst stop H X L H H L V(X) V& V® VQ) R*(BST) 
in full-page) 
No operation H X i: H H H X X X X NOP 
Device deselect H X H X X xX X X X DESL (a) 
Clock suspend/ L xX X xX xX xX X X . xX x HOLD 
Standby mode 
Data write/Output H X x X X xX L X X X ENBL 
enable 
Data mask/Output H X Xx X X X H X X X MASK 

". disable 
Legend 
BS Bank select Vv Valid 
Col Column address H Logic high 
Cur Current clock L Logic low 
Pre Previous clock Xx Don't care 


Notes: 
(1 


(2) MRS and REFR commands should be issued only after both 
banks are deactivated (PRE command). 


~~ 


All inputs are latched on the rising edge of CLK. 


(8) The ACTV command should be issued only after the correspond- 
ing bank has been deactivated (PRE command). 


(4) WRITE and READ commands should be issued only after the 
corresponding bank has been activated (ACTV command). 


(5) The BST command is valid only in the Full Page mode. 
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Absolute Maximum Ratings 


Voltage on power supply pin relative to GND -1.0to +46 V 
Voltage on input pin relative to GND -1.0 to +7.0 V 
Short-circuit output current, log 50 mA 
Power dissipation, Pp 1.0W 
Operating temperature, Topr Oto +70°C 


Storage temperature, Tstg ~55 to +125°C 


Exposure to Absolute Maximum Ratings for extended periods may 
affect device reliability; exceeding the ratings could cause perma- 
nent damage. The device should be operated within the limits 
specified under DC and AC Characteristics. . - 


DC Characteristics 


Recommended operating conditions unless otherwise. noted. 


Parameter Symbol Min Typ Max 
input leakage current Nay -1 , 1 
Output leakage current low -1 1 
Output voltage, low VoL 0.4 
Output voltage, high Vou 2.4 


puPD42116x 


Capacitance 
Ta = 25°C; f = 1 MHz 





Parameter Symbol. Max Unit Pins Under Test 
Input capacitance Cy 5 pF Addresses 
Cp a) pF CLK, CKE, CS, RAS, 
CAS, WE; LDQM, - 
UDQM 
Data input/output Co 7 PF = DQo- DQy7 


capacitance 


Recommended Operating Conditions 


“Parameter 
Supply voltage 
Input voltage, high 
Input voltage, low 


Ambient temperature 


Unit 
uA 
HA 


lon = —2mA 


Symbol Min Typ Max Unit 
Veo 3.0 3.3 3.6 Vv 
ViH 2.0 5.5 Vv 
Vit -0.3 - 08 V 
Ta ) 70 Je; 


Test Conditions 

Vin = 0 to 3.6 V; all other pins not under test = OV — 
DouT disabled; Voyy =.0. to 3.6 V 

lol = 2mA 
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DC Current Requirements 
Recommended operating conditions unless otherwise noted. 














Parameter Symbol -10 -15 -20 Unit Test Conditions 
Operating current loci 80 70 60 mA Burst length = 1; tras = tras (min); tap = tap (min); 
lo = O mA (Note 1) 
Precharge standby Iocop 3 3 3 mA CKE s Vy (max); ton = 15 ns 
current in power-down 
mode loceps 2 2 2 mA CKE s Vip (max); ten = % 
Precharge standby locen 15 15 15 mA CKE = Vi, (min); tex = 15 ns 
current in non-power- Input signals are changed once during 30 ns. 
mown (iods locons 6 6 6 mA CKE = Vy (min); tox = @ 
Input signals are stable. 
Active standby current in locap 4 4 4 mA CKE < Viy (max); tox = 15 ns 
Pomerdew mode locaps 3 3 3 mA CKE < Vip (max); tox = © 
Active standby current in loc3an 16 16 16 mA CKE = Vy, (min); tox = 15 ns 
non-power-down mode Input signals are changed once during 30 ns. 
loc3ns 7 7 7 mA CKE 2 Vy, (min); tox = % 
Input signals are stable. 
Operating current in loo4 120 80 60 mA tox = tow (min); lo = 0 mA (Note 1) 
burst mode 
Refresh current locos 80 70 60 mA tac 2 tac (min) 
Self-refresh current loce 2 mA CKE < Voc ~ 0.2 V (Standard device) 
0.1 mA CKE < Voc - 0.2 V (Low-power device) 
Note: 


(1) loos and Iog4 depend on output loading and cycle rates. Spec- 
ified values are obtained with the output open. Address inputs 
are assumed to be switched only once during each clock cycle. 


oO 
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AC Characteristics 


Recommended operating conditions unless otherwise noted. 








-10 -15 ~20 
Parameter Symbol Min Max Min Max Min Max Unit Test Conditions 
Access time (DQ) from tac 8 13 18 ns (Note 5) 
CLK t 
Address, BS hold time taH 2 3 4 ns 
Address, BS setup tas 2 2 2 ns 
time 
CLK high-level width ton 3 4 5 ns 
Command (CS, RAS, tcH 2 3 4 ns 
CAS, WE, DQM) hold 
time 
System clock (read, tox 10 15 20 ns 
write) cycle time 
CKE hold time toKH 2 3 4 ns 
CKE setup time toxs 2 2 2 ns 
CLK low-level width tot 3 4 5 ns 
Command (CS, RAS, tos 2 2 2 ns 
CAS, WE, DQM) setup 
time 
Data-in hold time tou 2 3 4 ns 
Data-in to Pre top. CAS latency CAS latency CAS latency ns 
command period 
Data-in setup time tos 2 2 2 ns 
Data-out high- tyz 4 4 4 ns 
impedance time 
Data-out low- tz 5 5 5 ns 
impedance time 
Data-out hold time ton 4 4 4 ns 
Active to Pre- tras 70 120,000 75 120,000 80 120,000 ns 
command period 
Ref to Ref/Active tac 100 115 140 ns 
command period 
Refresh period tREF 32 32 $2 ms 
Pre to Active tap 30 40 60 ns 
command period 
Active (A) to Active tarp 20 30 40 ns 
(B) command period 
Transition time tr 1 30 1 30 1 30 ns 
Notes: 


(1) All voltages referenced to Vgg (ground) 


(2) An initial pause of 100 ps is required after power-up followed by 
eight refresh cycles before proper device operation is achieved. 


(8) Ac measurements assume ty = 1 ns. 


(4) Reference level for measuring timing of input signals is 1.50 V. 
Transition times are measured between Vj} and Vj. 


(5) Access time is measured at 1.50 V and loading condition is 2TTL 
+ 100 pF (at less than 50 MHz), 2TTL + 50 pF (60 to 75 MHz), or 
2TTL + 30 pF (above 75 MHz). 
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Figure 3. Commands 


Row Activate 


Read 


we //// Ken X/) 
TIX KL UX 


Mode Register Set 
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Figure 4. Precharge Options 
Row} Xo | 1 | x2 | xo | x4 | %5 | Xe | %7 | %8 | Xo [x10 | X11 | 
Colurnn 


| at Precharge command for all banks 
a 
Bank : 
A Enables activate/precharge/refresh commands for bank 
Bank 
B 
0, | ai Autoprecharge (end of burst) 
Y10 
EB 
ae Enables read/write commands for bank 
Yu1 
Bank 
B 
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Precharge for Bank A Precharge for Bank B Precharge for All Banks 


CLK | | | | 


CKE 


tt GAAAAAAAAAANY 


*A49 = Low Is standard 
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Figure 5. Mode Register Options 


11109 8 7 6 &§ 4 3 2 °#1 


fofoTo]o To] cose [ery a 


Mode-Reglister Write Timing 
Latency Mode 


CAS Latency 


0 


O10 =e | of 
a 
101 


Burst Type 


Data writen into 
mode register 


BL = Burst length 
BT = Burst type 
LTMODE = Latency mode 


Note: Apo-Aj1 are used as data Input lines 
when waiting the mode register 





12 


NV: KE Cc pPD42116x 


Figure 6. Mode Register Options (Additional) 


11109 8 7 6 5 4 83 2 
Biselal she eles cela 
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sie S sing wite 


11109 8 7 €6 5§ 4 3 2 


ererepery T1111 


11109 8 7 6 5 4 3 2 1 


EEE TELE Future 


1110 9 8 7 


Dee DDT [xx] x] x] x] x] ena 


83FM-9073A 





Figure 7. Frequency vs. Latency 


Frequency (MHz) 100 66 50 33 100 66 50 33 100 66 50 33 
taco (ey Sas ee 
RAS latency (CAS latency + (tacp)) 6 4 4 7 a a ee 6 4 
tao) oo ew eee 
naa 784 si| 8 #8 ss 
a ce ee (rs 
ford Ee ee ee eee 





13 





pPD42116x 


Figure 8. Random Column Read Cycle 


| To | | | %| | S| Te | 7 | Te | To | To] M14] M2 | M9] TM | Ts | Te | 717 | Te | T9 | T20 | Tet | 


Fl es es ff le Ele ee em fet a a pe es oe a 
REALE ALT ATA 


DQ 
ot| | | | Gi mimmmemcicacaee| I | | 


QBa1XQBa2 


Active Command Active Command 
for Bank 0 for Bank 0 for Bank 0 


Read Command Precharge Command Read Command 
for Bank 0 : 0 for Bank 0 for Bank 0 


Burstlength=4 = Bank=0 


| CAS latency = 2 Page = RAa 
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Figure 9. Read and Write Cycle 


~ | To| | tT | 13 | Te | TS | Te | T7 | Te] To | To | T11 | M12 | Tra | Ta | T15 | T16 | 717 | Te | T19-| T20 | T21 | 


SEE RERERER EEE 
Wasrsscezesrensraeee 


(CAc) 
, aeenne wma | | | LAC 
ae =e sateer tO 
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Figure 10. Interleaved Column Read Cycle 
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Rambus DRAM 

puPD Organization Features 

488130 2M x 8 3.3-volt 14a 


488170 2M x 9 3.3-volt 


NEC 
NEC Electronics Inc. 


Advance Information 


Description 


The uPD488130 and yPD488170 Rambus™ DRAMs 
(RDRAM™) are extremely-high-speed dynamic CMOS 
RAMs organized as 2M words by 8 or 9 bits. Using its 
sense amplifiers as a cache, the RDRAM bursts up to 
256 bytes at a 500-megabyte/second rate. The RDRAM 
is ideal for main memory and graphics applications 
that require high performance at low cost. 


Features 


O Rambus interface 
— 500-megabits/second peak bandwidth per 
RDRAM per bus 
— Innovative, small-signal-swing interface 
— Synchronous, block-oriented protocol 
— Direct interface to Rambus ASICs, MPUs, and 
peripherals 
O 28 ns from end of read request to first byte; 2 ns/ 
byte thereafter 
Q Caches in RDRAM contribute to low latency 
Q Entirely self-contained—no external memory 
controller required 
Q Conventional plastic surface-mount package and 
PC board technology 
QO On-board registers for flexible addressing 


System Benefits 


Q Can eliminate second-level caches in uniprocessor 
designs 

© Vastly improves graphics at lower cost 

QO Decreases parts count; eliminates memory 
controller, buffers, address decoders, etc. 

O Same pinout as a 4.5-megabit RDRAM 

QO Incremental memory granularity is 2 megabits 

QO Alleviates need for expensive multichip modules at 
high system clock rates 

O Systems can be modular; faster MPUs and larger 
Rambus memories can be installed without 
changing board layout or logic design 

QO Write-per-bit function available 


Rambus and RDRAM are trademarks of Rambus Inc. 
Rambus interface is used under license from Rambus Inc. 
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uPD488130, 488170 
18-Megabit Rambus DRAM 


Ordering Information 


Part Number Organization Package 
uPD488130 2M x 8 bits 32-pin SVP 
uUPD488170 2M x 9 bits 


Pin Configuration 


32-Pin Surface Vertical Package 
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Pin Identification 


Signal 0 
BusData0d - ie) 
BusData8 

RClk In 
TClk Out 
VREF In 
BusCtrl In 
BusEnable In 
Vop: VppA 

Gnd, GndA 


Sin, SOut yo 


Block Diagram 


Description 


Bus data for request, write, and read 
protocols. These are low-swing signals 
referenced to Vper. The data lines carry the 
request packet with the address, operation 
codes, and the count of the bytes to be 
transferred. 


Receive clock. RCIk is aligned with incoming 
request and write data packets. The clock is 
completely synchronized with the request 
and data sent out on the Rambus interface. 


Transmit clock. TClk is aligned with the data 
being sent out on reads as well as the 
acknowledge packets. The clock is a low- 
swing signal referenced to Vref. 


This is the logic threshold voltage for low- 
swing signals. 


Control signal to frame packets, transmit 
opcode, and acknowledge requests. Signal 
is active low. 


Control signal to enable the bus. The signal 
is pulsed to power up the bus. Long 
assertions of this active low signal will reset 
all devices on the bus. 


+3-volt power supply. Vppa is a separate 
supply for clock receivers. 


Circuit ground. GndA is a separate ground 
for clock receivers. 


Reset daisy chain. CMOS levels and active 
high. 


Address 
0 to 1023K 1023K to 2047K 
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Assembly Drawing 





Protocol 


The Rambus interface uses a simple, synchronous, 
block-oriented protocol. This is a transaction-based 
protocol with the data transport time determined by 
the master. RDRAMs do not arbitrate for the bus, 
eliminating the need for arbitration in single-master 
systems. 


A Rambus device must be initialized before it takes 
part in bus transactions. One device, the configuration 
master, initializes the others. The configuration master 
begins by assigning a unique device identification (ID) 
to each device. Then, the configuration master polls 
each device's type register and initializes all control 
registers as appropriate to the number and types of 
devices. 


A full initialization continues by assigning device ID 
values using the Sin and SOut pins. SIn and SOut are 
normal CMOS signals used only during configuration 
and power down. SOut of the configuration master 
connects to Sin of the first device and so on through 


uPD488130, 488170 


Connector for 


ASIC 
CPU 
Peripheral 


each bus device in daisy chain fashion. SOut of the last 
device connects to SIn of the configuration master. 


Transactions 


Transactions are composed of three packets: request, 
acknowledge, and data. Each packet is a sequence of 
bits presented continuously on a set of wires. Determin- 
ing the point in time at which each packet begins is 
referred to as framing. The framing of the acknowledge 
and data packets of a transaction is referenced to the 
end of the request packet. To initiate a bus transfer, a 
master sends out a request packet that contains an 
address and control information. 


All RDRAM devices constantly monitor the bus looking 
for requests. When a request is received, they extract 
the requested device identification, determine whether 
it matches their own device identification, and, if so, 
drive an acknowledge packet back to the master. 
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The RDRAM also drives the data back to the master in Electrical Characteristics . aa 

the case of aread request or accepts the datafromthe parameter. =~=S*S*S*«SiO!:”S*=“‘é‘ésM’”=«CS*«CWMax =i 
master in the case of a write request. Also specified in 
the request packet is the number of bytes to transfer 
(4-256 bytes), making this a block-oriented protocol. —_ Transmit clock frequency TClk 100 250 MHz 
The length of response time from a request to either an 

acknowledgment or an operation is always known and 

is based upon the clock frequency. Figure 1 is an 

example of a 16-byte read followed by a 16-byte write. 


Receive clock frequency RClk 100 250 MHz 


Figure 1. Data Transactions 
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Recommended DC Operating Conditions 








Parameter Symbol Min Max Unit 
Junction operating = Tj 0 100 °C 
temperature 

_ Supply voltage Vop, VpoDA 45 5.5 V 
TTL input voltage, Vy, TTL ~1.0 08 v 
low 
TTL input voltage,  Viy, TTL 2.0 Vpp + 1.0 V 
high 
TTL output voltage Vo,, TTL 0.0 0.4 Vv 
TTL output ‘Vow, TTL 2.4 Vop Vv 
voltage, high es 0s 
Termination VTERM 2.2 2.7 V 
voltage - Re 
Reference voltage © Vpcr "417 _ 24 VV 
Input voltage, high Vij = Ver + 0.2 V 
Input voltage, low Vi Vrer-0.2 V 
Output voltage, . Voy Vaer +0.3 Vv 
high, 
Output voltage, - VoL .Vpep-0.3 = V 
low 
Output current, lo —35 -10 mA 
(programmable) 
Output current, lo —10 10 HA 
high ; 


’ VRer current IREF -10 10 vA 
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Figure 2. Read Hit Timing Diagram 
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Figure 5. Write Miss Timing Diagram 
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NEC Electronics Inc. 


Description 


NEC’s wPD421000, wPD421001, and wPD421002 are 
1-megabit dynamic RAMs (DRAMs) manufactured with 
the CMOS 1-um fine-pattern process and configured 
as 1,048,576 x 1 bit. As shown in table 1, this family of 
DRAMs has been developed in a variety of speeds and 
packages. The package pin layouts appear in figure 1. 


Configurations 


The wPD421000, wPD421001, and uwPD421002 (figures 2, 
3, and 4) consist of memory cell arrays, input and 
output buffers, clock generators, refresh address 
counters, and row and column decoders. 


The basic layout of the chips is shown in figure 5. As 
can be seen from the diagram, the whole memory cell 
array is divided into 16 smaller 64-kilobit arrays that are 
accessed separately. ; 


Memory Cell Structure 


Dynamic RAMs generally feature one-transistor 
memory cells, which require only about one-fourth of the 
area used by four-transistor and six-transistor (flip- 
flop) memory cells in static RAMs. Although a one- 
transistor cell provides a big advantage in reducing 
chip size, data must be rewritten (refreshed) at regular 
intervals for proper data storage on the memory cell 
capacitor. A cross-sectional view of the trench-type, 
one-transistor memory cell used in the wPD421000- 
series DRAMs is shown in figure 6. 


This trench design uses three-dimensional rather than 
planar capacitors, thereby achieving a larger capaci- 
tance in a smaller surface area than in conventional 
circuits. The capacitance of this type of cell is deter- 
mined by total trench area, the dielectric constant, and 
the thickness of the insulating film. To reduce soft 
errors caused by a-particles, an effective capacitance 
in excess of 50 femtofarads (fF) is used in the 
uPD421000, 4PD421001, and wPD421002. 
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pPD421000/421001/421002. 
1-Megabit Dynamic RAMs 


Figure 1. Pin Layouts 
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Table 1. 1,048,576 x 1-Bit DRAM Family 


RAS Access R/W Cycle Operating Standby High-Speed 

Device Time (max) Time (min} Current (max) Current (max) Mode Packages 
uPD421000-80 80 ns 160 ns 70 mA 1mA Fast Page C = 18-pin plastic DIP 

10 100 ns 190 ns 60 mA 1mA | V = 20-pin plastic ZIP 

72 120 ns 300 ns 50 mA ima LA = 26/20-pin plastic SOJ 
uPD421001-80 80 ns 160 ns 70 mA 1mA Nibble 

-10 100 ns 190 ns 60 mA 1mA 

12 120 ns 220 ns 50 mA . 1mA 
pPD421002-80 80 ns 160 ns 70 mA 1mA Static Column 

-10 100 ns 190 ns 60 mA 1mA 

-12 120 ns 220 ns 50 mA 1mA 


Figure 2. PD421000 Block Diagram 
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Figure 3. ~PD421001 Block Diagram 
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Figure 4. pPD421002 Block Diagram 
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Figure 5. Chip Layout of uPD421000-Series DRAMs 


Row Address 


Memory Array 
Memory Array 
Memory Array 
Memory Array . 
Memory Array 
Memory Array 
Memory Array 
Memory Array 
Memory Array 
Memory Array 
Memory Array 
Memory Array 
Memory Array 
Memory Array 
Memory Array . 


> 
E 
< 
2. 
° 

E 
o 
= 
= 
a 

t 

x 
- 
oe 


Column Decoder/Sense Amplifier 
Column Decoder/Sense Amplifier 
Column Decoder/Sense Amplifier _ 
Column Decoder/Sense Amplifier 
Column Decoder/Sense Amplifier 
Coiumn Decoder/Sense Amplifier 
Column Decoder/Sense Amplifier 
Column Decoder/Sense Amplifier 


Column Address 


Read/Write Circuitry 
Notes: 


(1] The memory is divided into sixteen 64-kbit memory cell arrays. 
[2] RD = row decoder/word driver. 
83-004409B 





Figure 6. Cross Section of 1-Transistor Memory Cell 
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Read/Write Operation 


In dynamic RAMs, changes in bit line potential caused 
by the minute charging and discharging of memory 
cells are amplified by a sense amplifier to be read as 
either 1 or 0. Memory cell and sense amplifier equiva- 
lent circuits are shown in figure 7. 


To read the data from storage cell Cs11, the row address 
selects word line WL, and data from memory cells 
Cs11, Cgo1, - - - » Cgn1 connected to WL, is passed to 
bit lines BL;, BLo, . . . , BLy. These data signals are 
passed to the sense amplifiers, where they first 
are compared with data from dummy cells Cpj1, 
Cpo1, - - - , Cpon1, connected simultaneously with the 


Application Note 53 


memory cells, and then amplified. At the same time, 
the original data is rewritten to memory cells Cs14, 
Csgo1, - - -, Cgni. Switch Y; is then selected by the 
column address, and the Cg1; data on the BL, line is 
passed via the !/O bus and a data amplifier to external 
circuits. 


Write and read operations are identical, up to ampli- 
fication and rewriting of memory cell dataselected bya 
row address. After being passed to the bit line selected 
by the column address, write data is written into a 
target memory cell (Such as Cs11). Since the number of 
memory cells selected by one row address in the 
devices is 2048, 2048 memory cells are refreshed 
simultaneously in each memory or refresh cycle. 


Figure 7, Memory Cell and Sense Amplifier Equivalent Circuits 
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Pin Functions 


RAS and CAS [or CS]. The uPD421000-series DRAMs 
include two chip activator inputs: RAS and CAS 
(or CS), row address strobe and column address 
strobe (or chip select). In addition to reading row 
addresses Ag through Ag, selecting the relevant word 
line, and activating the sense amplifiers for read and 
write operation, the RAS input also refreshes the 2048 
bits selected by row addresses Ag through Ag. The 
CAS input latches in column addresses (on the 
uPD421000 and the wPD421001) and connects the 
chip’s internal !/O bus to the sense amplifiers activated 
by the RAS clock, thereby executing data input or 
output operations. 


Ag through Ag. Selection of an individual cell from the 
1,048,576-word x 1-bit memory cell array requires a 
20-bit address input. The three devices ail feature an 
address multiplexing method in which an address is 
divided into two parts, the lower 10 bits (row address) 
and the upper 10 bits (column address). 


The row address is latched into memory at the falling 
edge of the RAS clock. After an internal timing delay, 
the column address input circuits become active. 
Flow-through latches (voltage-level activated, not 
edge-triggered) for column addresses are enabled on 
the wPD421000 or wPD421001, and the column 
addresses immediately begin propagating through the 
latches to the column decoders. A column address is 
held in the latches by the falling edge of CAS. For read 
cycles on the wPD421002, the column address input 
circuitry is not controlled by CS, and column addresses 
must be held valid until data is read out. 


Setup times (tasr and tasc) and hold times (tray and 
tcan) for address inputs are defined in relationship to 
the falling edges of RAS and CAS (CS or WE for write 
cycles on the wPD421002). In actual operation, a row 
address is specified before the RAS input is activated; 
once the address bus switches to column addresses, 


CAS (or CS) is activated. 


WE [Write Enable]. Read and write cycles are executed 
by activating the RAS and CAS (or CS) inputs and 
controlling WE. An early write cycle is executed if WE is 
activated before the falling edge of CAS (or CS) during 
a write cycle, and a late write (read-modify-write) cycle 
is executed if the WE input is activated later. 


NEC 


Read and Write Cycles 


Read cycles are executed by activating RAS and CAS 
(or CS) with the WE input ata high level (inactive). The 
RAS access time of trac is valid if the delay from RAS to 
CAS (or CS) is less than tacp (max), and the delay from 
RAS to the column address is less than taap (max). The 
CAS (or CS) access time of tcac is valid if the delay 
from RAS to CAS (or CS) is greater than tacp (max), 
and the delay from the column address to CAS (or CS) 
is greater than tagc (max). The address access time of 
tag is valid if the delay from RAS to the column address 
is greater than trap (max), and the delay from the 
column address to CAS (or CS) is les is less than tasc (max). 
Output data is held valid until CAS (or CS) becomes 
inactive again (figure 8). 


Write cycles are executed by activating the RAS, CAS 
(or CS), and WE /E inputs. Write data is latched by the 
falling edge of CAS (or CS) or WE, whichever occurs 
later. 


A WE input applied before the CAS (or CS) input 
initiates an early write cycle, whereby write data is 
latched by the falling edge of CAS (or CS). 


Conversely, a WE input applied after the CAS (or CS) 
input initiates a late write cycle (read-modify-write 
cycle), whereby write data is latched into the chip by 
the falling edge of WE. The status of Doyt is not 
guaranteed in this case, but depends on the timing of 
WE with respect to RAS and CAS (or CS). If WE is acti- 
vated at least towp after the CAS (or CS) input, and at 
least tawp after the RAS input, write operation is 
enabled in the same memory cycle during which the 
read data is valid. 


Refresh Cycles 


The process of rewriting data held in a memory cell, 
refreshing, is performed by a sense amplifier in the 
uPD421000-series DRAMs. The three devices are 
capable of executing the same RAS-only and CAS 
(or CS)-before-RAS refresh cycles as are executed in 
other conventional, general-purpose DRAMs. All 512 
rows of memory cells must be refreshed within any 
8-ms period. 


Since in image memory applications, row addresses 
Ao through Ag are read or written sequentially within 
8 ms, the accessing itself initiates refreshing and no 
additional refresh cycles are required. 
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Figure 8. Access Timing 
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[1] In a read-modify-write cycle, cycle time is defined as thwc = thawo + tRwL+ 3 tt + trp. 
{2] Timing tcaH applies to the u.PD421000 and the “PD421001. 
{3] Timing taH applies to the .PD421002. 
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RAS-Only Refresh Cycle. RAS-only refreshing is 
executed simply by leaving the CAS (or CS) input 
inactive (high level) during a RAS clock cycle. This 
cycle uses the 512 lower addresses specified by row 
addresses Ag through Ag to ensure that all memory cell 
bits are refreshed. Hence, 2048 bits of memory are 
refreshed in a single cycle (figure 9). 


CAS [or CS]-Before-RAS Refresh Cycle. This type of 
refreshing is executed using the addresses generated 
by the chip’s internal address counter when CAS 
(or CS) is activated (low level) in advance of the RAS 
input (figure 10). 


Figure 9. RAS-Only Refresh Cycle 


CAS|[or CS] 


LILLLLLLL) 


DouT 
Note: 
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Even in systems without an address output from the 
microprocessor, no additional external address counter 
or refresh address selector is required. CAS (or CS)- 
before-RAS refreshing allows refreshing to be 
accomplished with a minimum of peripheral circuits 
(figure 11). 


High-Speed Access Cycles 


In addition to being capable of standard access, the 
uPD421000 is equipped with fast-page access, the 
uPD421001 with nibble access, and the uPD421002 with 
static-column access (table 2). 


TPT TTT TT ITT 


High Impedance 


[1] Row address Ag is not necessary for refreshing, but the tasp and tRAH 


specifications must be satisfied just as for other addresses. 


Figure 10. CAS (or CS)-Before-RAS Refresh Cycle 
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Figure 11. Address Multiplexing 
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Table 2. Major Characteristics of Fast-Page, Nibble, and Static-Column Modes 


Device Access Time (max} Cycle Time (min) Internal Address Usage 
uPD421000-80 45 ns 50 ns Row: Page selection 
ian 2 ee Re Column: Individual cell access 
-10 50 ns 60 ns on one page 
-12 60 ns 70 ns 
uPD421001-80 20 ns 40 ns Row, Column: Ag inputs set 
Sa a ap Nae starting location for nibble- 
-10 25 ns 45 ns matip-abeess 
-12 30 ns 55 ns 
uPD421002-80 45 ns 50 ns Row: Row selection 
10 50 ns 60 ns Column: Individual cell access 


on one row 
-12 60 ns 70 ns 
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High-Speed Access 


Random access on one page 
selected by Ag through Ag 


Serial access (4 bits maximum) 


Random access on one row 
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Fast-Page Mode. Fast-page mode makes it possible to 
randomly access data in the same row address (figures 
12 and 13). The 1024 bits of memory are obtained from 
the combinations of column address inputs Ag through 
Ag within one row address in the uwPD421000. Up to 


NEC 


1998 continuous accesses can be executed on the 
80-ns version before the maximum interval for trasp 
(100 ys) is reached. 


The tpc cycle time for random fast-page read or write 
cycles is equivalent to tcas + tcp + 2tr. 


Figure 12. Memory Cell/Sense Amplifier Block of the .PD421000 
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Figure 13. Fast-Page Timing 
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Nibble Mode. In nibble-mode cycles, the first data 
location is specified by row and column addresses Ag 
through Ag during a read or write cycle (table 2 and 
figures 14 and 15). When the wPD421001 internally 





262,144 


[512 x 512] 


Figure 14. Nibble-Mode Block Diagram and Example of Access Sequence . 
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be executed in less time than in fast-page operation. 
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Figure 15. Nibble-Mode Timing 
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For the 80-ns version, the average cycle time per bitin devices, high-speed cache and frame buffer applica- 
nibble mode is 70 ns, when 4bits are accessed duringa _ tions are possible (figure 17). 
long tras cycle (figure 16). By using multiple 4PD421001 


Figure 16. Average Data Rate in Nibble Access 


Notes: 


[1] Minimum trc [ns] in nibble mode: 
=tcsH + tnc x 2+ tne + tNRRSH Or tNwASH + tRP + tT x4 


= 80+ 40x2+ 10+ 20+ 70+ 20 
= 280 ns [for 4 bits] 
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Figure 17 High-Speed Data Access Using Nibble Mode 
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Static-Column Mode. Row and column addresses are 
functionally equivalent in static-column and fast-page 
access. The available number of continuous accesses 
on one row, and the cycle timing, are also similar to 
fast-page operation. 


Figure 18. Static-Column Timing 


16 
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In a static-column device, there are no setup or hold 
timing requirements for read addresses; CS may be 
held low continuously in the ON-state. To allow this 
feature, the column addresses must be maintained as 
valid inputs for the duration of each cycle. There are 
few other restrictions on timing (figure 18). 


—d 
Column 


Data Out X / / 
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Precautions 


Precautions when using the wPD421000, wPD421001, 
HPD421002, and other DRAMs should be carefully 
observed in the areas listed below: 


e Power-on and initialization 
e Supply voltage fluctuations caused by peak currents 


e Relationships between address/data inputs and 
drivers 


e RAS and CAS (or CS) generation 


Power-On and Initialization. Dynamic RAMs operate 
by the charging and discharging of gate and internal 
circuit capacitances. Therefore, dummy RAS clock 
cycles must be executed to charge internal potentials 
to the prescribed levels when power is applied. Dummy 
RAS cycles are also necessary when there has been no 
accessing (reading, writing, or refreshing) for periods 
longer than the refresh interval (figure 19). 


To control transistor threshold voltages and decrease 
internal stray capacitance, DRAMs are usually 
equipped with a substrate voltage generator circuit 
to supply the chip’s interior with negative voltage. 
Approximately 100 ys is required to generate an 
adequate negative voltage level after power is applied 
and Voc 2 4.5 V. 


When the power is switched on, a peak current 
dependent on the levels of RAS, CAS (or CS), and 
WE is reached during the e rising Of Voc. This peak 
current—maximum when RAS and CAS (or CS) are 
active and WE is inactive—can be minimized by using 
clock input pullups on RAS and CAS (or CS) so that 
their rise times correspond to the rise time of the 
power supply. 


Supply Voltage Fluctuations. Since 1 and 0 logic 
(storage) operations are executed by the charging and 
discharging of capacitances, including the memory 
cells, the peak current generated is dependent on 
charge and discharge timing. 


This peak current is concentrated just after RAS and 
CAS (or CS) transition intervals (figure 20) with a peak 
value of about 120 mA. Since this current is a source of 
noise (voltage drop) in the memory system supply 
voltage, decoupling by multilayer ceramic capacitors 
with excellent frequency response is necessary. If the 
average of the 120-mA peak current pulse lasts about 
100 ns, the capacitance required to keep the drop in the 
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supply voltage line at about 0.1 V will be calculated 
as follows: 


_ 120 (mA) x 100 (ns) 
0.1 (V) 


= 120 x 103 pF 
= 0.12 uF 


Therefore, when designing the memory board, keep 
the power and ground leads as short as possible for low 
inductance. Decoupling capacitors of about 0.2 uF 
must be inserted between the power supply lines for 
each memory device. With careful board layout, the 
use of fewer but larger capacitors is possible. Capaci- 
tors used in one of every two memory device locations, 
with a value of perhaps 0.33 uF, can provide satisfac- 
tory decoupling in many cases. 


Figure 19. Dummy Cycles after Power is Applied 


| Dummy Cycles | 

| | 

Pause time, longer | Any RAS cycle, 8 times | 
| or more | 
\ 


Memory ——> 
Access 
Allowed 


than 100 us 
[RAS inactive] 








loc Peak 


exe DAC 
COUTCREDN EL 


Time [50 ns/div]} 


83M-004421A 





17 





Application Note 53 


Address/Data Inputs and Drivers. Probably the most 
important consideration in DRAM timing is the rela- 
tionship between address/data inputs and the external 
drivers. In address-multiplexed DRAMs such as the 
uPD421000, wPD421001, and wPD421002 (where row 
and column addresses are supplied as two sets of 
inputs), addresses supplied externally have to be 
switched by a multiplexer. 


The sequence of this timing must be designed very 
carefully. A timing sequence starts with the setting of 
row addresses. Next, RAS falls. After the specified hold 
time for row addresses is met, the addresses are 
switched to set up column address input. Once CAS 
(or CS) falls, the specified hold time for column 
addresses must be satisfied. 


When CAS (or GS) is activated within the time specified 
for tacp (max), the setup time for column addresses is 
more difficult to guarantee than when trcp is longer 
than trcp (max), because one external address driver 
has to drive more than one address pin in an array 
of DRAMs. The address multiplexer’s delay time is 
increased by load capacitances larger than the typical 
value. 


For illustration, measurements of output delay times 
for certain drive load capacitances are shown in figure 
21. 


In the design of high-density memory boards having 
a large number of memory devices, partitioning of 
drivers becomes necessary because of wiring and 
through-hole capacitances. Special care must be taken 
to ensure that the setup and hold times for addresses 
conform with the specifications. Otherwise, invalid or 
undefined addresses may be latched into the chip, and 
data may be destroyed even if nothing is written. 


RAS and CAS [or Cs] Generation. In addition to 
reading the address inputs, RAS and CAS (or CS) also 
generate the basic timing for all DRAM circuit opera- 





__. tions. The internal timing generators are connected in 


daisy-chain fashion, and are completely controlled by 
the basic RAS and CAS (or CS) inputs. Because of this 
control, the memory system design must prevent noise 
glitches from being generated in the RAS and CAS 
(or CS) inputs. 


RAS and CAS (or CS) timing is specified in terms of 
minimum values. High- or low-level pulses that do not 
satisfy these minimum values can result in incorrect 
output data (because there is insufficient time for 
sense amplifier operation), and can also lead to 
destruction of write data. Therefore, the prevention of 
noise glitches must be carefully considered in logic 
and circuit design. 
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Figure 21. Effect of Load Capacitance on TTL 
(7404) Output 


Delay and Transition Times 
Time [ns] 

Parameter Ci = 10 pF CL = 110 pF Ci = 210 pF 
tPLH 9 16.5 26 
tPHL 5.5 12.5 17 

3.2 7.8 15 
1.5 3.8 5.5 











Notes: 


[1] tPLH, tPHL are defined as the delay time from Vin = 1.5 V to VouT 
= 2.4 V or 0.8 V. 


[2] trp and tf are defined as the transition time between Vou [min] and 
VoL [max]. 
[3] Load capacitance C_ includes the oscilloscope input capacitance. 
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EE EE EE ER ENE I a 


Output 





10 ns/div 


Ci = 210 pF 


10 ns/div 
83-005257B 





NEC 


V40™ MICROPROCESSOR APPLICATION 
Features 


The uPD70208 (also known as V40) is a high-perfor- 
mance 8-bit CMOS microprocessor featuring 16-bit 
architecture in the CPU, and including a number 
of other peripheral devices within the same chip. The 
CPU is equipped with a powerful set of instructions that 
cover bit processing and multiple-length, packed-BCD 
operations, high-speed multiplications and divisions, 
and variable-length bit and field manipulations. 


This device combines high-speed processing with 
flexibility in a variety of applications. The on-chip 
peripherals include a clock generator with a timer/ 
counter and programmable wait control, refresh con- 
trol, serial control, interrupt control, and DMA control 
units. In addition to allowing more compact micro- 
computer systems, the V40 has a simplified system 
design. 


When connected to the wPD421000-series DRAMs, the 
V40 does not require an external refresh timer or 
other peripherals, which means a big reduction in the 
number of external devices required. 


Memory Mapping 


In the V40, memories of up to 1 megaword can be 
accessed using address information (Aig through Ag) 
output from the 20-bit address bus (figure 22). 


The first 1024 bytes, 0 through 3FFH, are allocated to 
interrupt vectors (although areas that cannot be used 
by the system can be used elsewhere). Addresses 
FFFFOH through FFFFBH are used for starting and 
resetting purposes; FFFFCH through FFFFFH are 
reserved for future use and cannot be used here. The 
remaining address space, 400H through FFFEFH, is 
not allocated and may be used as desired. 


As shown in figure 23, with a data bus width of 8 bits 
in the V40, CPU connections to the memory require 
only that the 20-bit address output from the CPU be 
accepted in the 1-megabyte address space. Byte data 
is accessed in one bus cycle, and word data is accessed 
in two bus cycles. 


V40 is a trademark of NEC Corporation. 
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Because of this simple connection requirement, it is 
only necessary to allocate the system control ROM to 
addresses of at least FFFFOH and disable the ROM-area 
RAM (since 1 megabyte is already taken up by eight 
1-megabit DRAMs). The method used may involve 
either deselecting the ROM-area RAM by a decoder, or 
executing bank switching to use the entire area as RAM 
area. The example included for this application shows 
the former method because it is simpler. 


Figure 22. V40 Memory Mapping 


Interrupt Vector Table 


FFFEFH 


ata 
FFFFBH et abe 
FFFFFH 


Figure 23. V40 Memory Interface 
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Hardware Configuration 


Since refresh addresses and the timing control outputs 
can be supported by programming on-chip circuits, 
the generation of RAS and CAS (or CS) timing is the 
only major DRAM support not provided directly by the 
V40 (figure 24). 


Memory Access Timing Generation 


Although V40 memory access timing can be generated 
from either the bus status or MWR/MRD, the uPD71088 
system bus controller is used in. this application 
example to enable connections to slightly slower- 


speed memories. The RAS and CAS (or CS) signals are: 


thus generated by decoding the bus status. 


The RAS and CAS (or CS) generator is shownin figure: 
25, and the operation timing in figure 26. To generate 
the control timing with this system controller, bus’ 
status signal BS is sampled by the CPU clock output 
(@ouT) at the rising edge of the T; cycle, and RAS is 
generated from FF2 at the falling edge of @oyt at the 
end of T1. The multiplex control signal (MPX) used in. 
address switching during memory cycles is generated 
by RAS. After RAS is generated, it is delayed by the. 
rising edge of the external 16-MHz clock to create MPX, : 
which is then passed to the data selector input. 





As can be seen from figure 26, memory access time 
is equal to 2/f(@out) — (tspK + TTL delay time). Evenif- 
an external clock of 16 MHz is used, a -12 device is 
sufficient (RAS access time in the -12 device is 120 ns). 


Figure 24. Hardware Configuration for the Use of 1M DRAMs 
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Figure 25. RAS and CAS (or CS) Timing Generator 
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Figure 26. RAS and CAS (or CS) Timing Sequence 
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Refresh Timing Generation 


Refreshing for the wPD421000, wPD421001, and 
MPD421002 is executed by selecting 512 lines in 8 ms. 
In the V40, memory refreshing can be handled easily 
by outputting the REFRQ control signal and the Ao 
through Ag refresh addresses. These signals are con- 
trolled by programming the refresh control register 
(RFC), allocated to I/O address FFF2H (figure 27). 
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Figure 27. Programming of Refresh Control Register 


Refresh Control Register [RFC] 


Refresh Timer Period 14 us 


MOV AW, 0000 


Refresh 
Enable 


MOV DW, FFF2H RFC Address 


OUT [DW], AW Refresh Interval, Refresh Enable Set 


[/O Write] 


7 4 3 2 1 0 


6 5 


RE (Refresh Enable] 


TRE [Function | 
To | Disable _| 
Ta | enabie | 


RTM [Refresh Timer] 


N[Timer Factor] 


Refresh interval [us] = 8 x N x Clock Cycle Time [ys] 
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This function generates the REFRQ control signal in 
accordance with the programmed interval. In this 
application example, REFRQ is used to disable genera- 
tion of the CAS (or CS) clock during refresh cycles, 
thereby initiating RAS-only refreshing. Figures 28 and 
29 show how to generate memory addresses and how 
to control data input and output by using control 
signals generated by the RAS and CAS (or CS) timing 
generator. Figure 30 shows the timing for V40- 
generated refresh addresses. 


The programmed values for the control register appear 
in figure 27 (also refer to the let ata lata 
User’s Manual). . 


Authorization for the vPD70208/uPD70216 refresh con- 
trol unit to use the memory bus can be set either to top 
priority or lowest priority, depending on the hold status 
of the refresh request. Top priority is set if seven refresh 
requests are being held, and refreshing is executed 
consecutively until the number of requests is reduced 
to three. 


Although a wait interval of maximum duration (three 
clocks) is inserted by the built-in wait control unit, ifa 
reset input is applied after power is applied, no wait 
interval need be inserted in actual applications. There- 
fore, the wait control register has to be reset when the 
V40 is used at 8 MHz. 


Wait control registers WCY2 (FFF6H), WCY1 (FFF5H), 
and WMB (FFF4H) write program data at these I/O 
addresses using an I/O write instruction (figure 31). 
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Figure 28. Memory Access Generation 
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Figure 29. Data Input and Output Control 
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Figure 30. Refresh Timing Cycle 
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Dummy Cycles 


As explained previously, dummy cycles are required to 
charge certain internal voltage potentials to proper 
operating levels in the DRAM’s internal circuits after 
power has been applied. 


In the following application example, these dummy 
cycles are implemented by executing eight write 
(or read) cycles, from OOOOH to 00007H, in the 
memory. — 


MOV AL,0000H 
LOOP: MOV (BL) ,0000H 

INC AL 

CMP AL,00007H 

JNZ LOOP 


Figure 31. Register Programming 


WCY1 [Wait Cycle Register 1]... .1/O Address FFF51H 
7 6 5 4 3 2 1 0 


[ow | umw [maw | umw_] wevs 


1OoW [I/O Wait] 

UMW [Upper Memory Block Wait} 
MMW [Middle Memory Block Wait] 
LMW [Lower Memory Block Wait] 


WMB [Wait Memory Boundary Register] ... . 1/O Address FFF4yH 


7 #66 5 3 2 1 0 


4 
[we [ome] wwe 


LMB [Lower Memory Block] 
UMB [Upper Memory Block] 
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Composite Schematic 


Figure 32 shows the complete schematic. The V40 and 
1M CMOS DRAMs are included, as well as circuits to 
control timing and refreshing. 


WCY2 [Wait Cycle Register 2] ....1/O Address FFF6H 
3 2 1 0 


7 6 5 4 
| -[-|=—|-] maw | new | wev2 


DMAW [DMA Wait] 
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DMAW/RFW ; Number of Wait States 
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Figure 32. Composite Schematic 
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NEC Electronics Inc. | Computer Graphics Overview 


INTRODUCTION This latter type involves a sequence of operations that 

: ; ; begins with a model of the image to be rendered. As 
A computer graphics system is comprised of hardware —_ shown in figure 1, the program portion of the model has 
and software, the organization of which depends upon three. elements—the application data structure (data 
the specific requirements of each application. While base), the application program, and the display pro- 
individual designs may differ from one application to —_ gram. These are transmitted to the hardware compo- 
another, the design objective essentially remains the nent, in this case a host computer connected to a 
same: to define a device-independent, general-purpose § graphics display terminal, in terms that the computer 
sequence of operations (or pipeline) that transforms the | Can understand. At the same time, the original model 


geometric model.of an object into animage onadisplay Structure is preserved. As a conceptual framework, this 
screen. ; model is useful in showing how an abstract description 


Pore . ; : of a two- or three-dimensional “world” having one or 
This application note provides an overview of the con- —_ more objects is transformed into a view or picture of that 
cepts and methodologies used inthe design of computer —_ world. 
graphics systems. The intent here is to introduce the 
basics, building the foundation for more vigorous study 
later. 


The functions represented by the conceptual model 
need to be more than device-independent; they also 
must be sufficiently general-purpose to support a variety 
FUNDAMENTALS OF A GRAPHICS SYSTEM of applications. No strict definition of this requirement 

exists. At one extreme, the system may be entirely 
The task of a graphics system is to transform real-world —_ incorporated into a host computer, with the graphics 
information into a perceptible image for display on an _— reduced to a single monitor Another system might 
output device. While systems in the past typically used incorporate all graphics functions into a standalone 
software designed for particular kinds of hardware, con- —_— workstation. The point is that the implementation of VLSI 
temporary systems use device-independent software and concurrent technologies may differ, but the basic 
designed for compatibility with a variety of hardware. sequence of functions must remain the same. . 


Figure 1.. Conceptual Model 
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One of the tasks of the application program is to support 
interactive input devices that allow the user to specify 
how objects are to be constructed and modified and 
which views are to be displayed. The application pro- 
gram decodes user-supplied input and uses it to direct 
the system to change the viewing specification or to 
alter the model in the data structure. Once the applica- 
tion program has developed the data structure, the 
objects contained therein are described to the graphics 
system so that it can calculate and display the particular 
view desired. 


The application program describes in geometric terms 
that portion of the world in which the picture should 
appear This data is presented in the form of output 
primitives such as points, lines, polygons, or character 
strings geometrically oriented in a two- or three- 
dimensional world. The application program also speci- 
fies the part of the object to be rendered, the vantage 
point to be displayed, and the part of the viewing surface 
on which the image should appear. 


Problems inherent to the design of graphics software are 
solved by a graphics package that reinforces a general- 
purpose, device-independent approach to graphics de- 
sign by providing basic subroutines or primitives that 
allow portability with the application program. 


The graphics package is a small but functionally com- 
plete set of application-independent facilities for creat- 
ing arbitrary views of two-dimensional objects and for 
supporting interaction between the application program 
and the user. The package also performs a number of 
roles crucial to supporting a range of physical devices 
controlled by a device-independent application pro- 
gram. These roles can include 


e Providing the characteristics and performance capa- 
bilities of devices that can be driven by the applica- 
tion software 


e@ Having responsibility for specifying a set of attributes 
and operations 


e Serving as an interface between the applications 
program and the graphics display unit 


e Serving as an interface between the demands of the 


graphics system and the true functionality of the real 
devices to be used by the system 


The graphics package must therefore be designed not 
only as an abstract machine capable of supporting the 
tasks required by the application program, but also as a 
real machine for implementation on real devices. The key 
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to device-independence is that only the implementation 
of the graphics package (and not the rest of the appli- 
cation program) is device-dependent. 


The two principal hardware components are the host 
computer and the display processing unit, or DPU. The 
two important data modules shown are both stored in 
shared memory (to simplify the diagram, the host’s CPU 
and the memory shared by the CPU and DPU are not 
shown in figure 2). The first is the DPU display program 
(also called the display file or list), which is written by the 
graphics package and read by the DPU as it refreshes 
the image on the screen. The second is the application 
data structure, which contains a description of the 
objects whose images are to be displayed and is a tool to 
model the objects. 


The three major stages shown as software modules in 
figure 2 could also be implemented as hardware or 
firmware modules in other systems. Their interaction is 
characterized by two major data flows moving in oppo- 
site directions within the system: one is from a data 
structure description of an object to its image on the 
screen, and the other is from user-supplied input to the 
data structure and/or display program. 


The object-to-image transformation sequence begins at 
the output pipeline, a four-stage pipeline that transforms 
a description of the object into successively more 
machine-dependent representations, and finally, into an 
image ona screen. The portion of the data structure that 
models the geometry (layout) and topology (connectiv- 
ity) of an object is transformed by the application pro- 
gram into a sequence of calls in a graphics package 
using parameters derived from the data structure. These 
calls describe the object in terms of its point, line, and 
text output primitives. Other calls specify how the object 
should be divided into logical units, i.e., segments, as 
well as which view of the object should be displayed. 


The next stage, the viewing specification, is used first to 
clip the object's primitives against the user-supplied 
window boundaries and then to map the visible portion 
of the object into the current viewpoint. The DPU code 
generator transforms the device-independent specifica- 
tion of (clipped) primitives from normalized device co- 
ordinates of the DPU. The graphics package controls the 
segmentation of this DPU "machine code” and specifies 
to the DPU code generator which segments are to be 
added, made visible/invisible, translated, or deleted. The 
final stage involves the DPU itself, which transforms 
output primitives into the actual data needed for output- 
ting an image onto the display screen. 


NEC 


Figure 2. Functional Block Diagram 


Output Primitives 
World 
Coordinates 


Normalized Device 
Coordinates 


Application Note 89-15 


Physical Device 
Coordinates 


Physical Device 
Coordinates 


Output Pipeline 


aS 


Application 
“SS Data Structure 


Attribute Setting 


Segment Control 


ee 

es 
os 
ae 


3 


a 


DPU 
Display 
Program 





Moers 

Sor 
oe 
Spapeasesecenesiatey 
EEE 


+ 
+, 
_t, 


es 
entire 
ester 
tect 
oe 
Rit 
es 


& 
& 
<> 


arate 


Input Handler 


Input Pipeline 


Interface Between 
Application Program 
and Graphics Package 


Notes: 

{1} DPU = Display Processing Unit 
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The input pipeline has fewer stages. The DPU records 
input device usage and either interrupts the CPU or 
transfers data on request. Input data is collected from 
the DPU by the input handler, which typically passes it to 
the application program. This data changes the flow of 
the application program, and may also cause the appli- 
cation program to either modify the data structure or 
change the viewing operation parameters. The input may 
also be used directly by the code generator to manipu- 
late segment operations. 


THE VIEWING OPERATION 


The viewing operation is a sequence of steps that trans- 
forms a device-independent description of an object into 
a device-dependent display program generating a par- 
ticular view of an image. In the viewing operation pro- 
cessor and DPU code generator stages, functions such 
as clipping, window-to-viewpoint mapping, and display 


Graphics Package 


Interface Between 
Graphics Package 
and DPU 





code generation in device-dependent physical screen 
coordinates are performed. The first two steps are 
usually considered part of the viewing operation, while 
the third step is part of the DPU code generation 
process. 


OUTPUT PRIMITIVES 


Coordinate Systems 


In a basic graphics system, the only graphical primitives 
needed by the application program are those to define 
points, lines, and displayed text strings. These are de- 
scribed in terms of positions and measurements in a 


_ Cartesian coordinate system. The coordinates are inher- 


ently dimensionless, and thus the application program 
can define objects in terms of units that are natural to the 
application and to the user. 
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The application program is constrained by the overall 
size of display space on the output device. Display space 
can be divided into a number of rectangular regions 
called "viewports,” into. which subpictures are mapped. 
Subpictures require the use of a suitable application 


coordinate system. Such a coordinate system is the. 


world coordinate system, used by the application pro- 
gram to choose a rectangular “window.” Any finite rect- 
angular region of this infinite space, where the sides of 
the rectangle are parallel to the x and y axes, is a window 
in the world coordinate system. Because different win- 
dow sizes can be used, the image is drawn in world 
coordinate space relative to a particular window and 
then clipped to that window. To be able to transform 
these windows into their allotted viewporis on the 
screen, the application program must have procedures 


for specifying windows, viewports, and appropriate co- - 


ordinate systems. 


The window is defined in terms common to the world 
coordinate system, where the edges of the rectangle are 
parallel to the x and y coordinate axes. The viewport 
procedure also takes a rectangular boundary as its 
parameter; the system in which this boundary is ex- 
pressed is called the device coordinate system, i.e., the 
one used for representing absolute positions on the 
display space. Since device coordinates map directly 
onto the display device, the range of coordinates will 
define display resolution. 


Often a graphics system supports many different de- 
vices, and the application program must provide a 
means of controlling these in as uniform a manner as 
possible. Determination of the viewport using device 
coordinates is acceptable if only one graphics device is 
used, or if all graphics devices have exactly the same 
coordinate systems to represent their display spaces. A 
better solution to device disparity requires a uniform 
method of addressing different display spaces. The stan- 
dard solution is to introduce an intermediate system 
called normalized device coordinates, where (0,0) is at 
the bottom left corner and (1,1) is at the top right, i.e., a 
unit square. 


“Windows and Clipping 


The viewing operation, or pipeline, has been defined as a 
journey of a coordinate through the graphics system. It 
starts as a world coordinate point generated by a call to 
an output primitive procedure, continues through the 
normalized transformation stage, and finally passes 
through the device transformation stage, after which it is 
expressed in normalized device coordinates. 


During this procedure, the graphics package must know 
what portion of the essentially unbound world coordi- 
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nate space is to be displayed. This rectangular region, or 
window, is invoked by a graphics package procedure 
that maps the image of the window boundaries to 
coincide with the edges of the screen. A programmer 
can make the graphics package display only that portion 
of an object which is in view by surrounding the desired 
part with an appropriate window. 


Any part of the object not in view inside the window is 
made invisible by the graphics package through a pro- 
cess known as clipping, whereby any primitive lying 
entirely outside the window boundary is not mapped to. 
the screen, and any primitive lying partially inside and 
partially outside is cut off. Each output primitive defined 
by the application program is tested to see whether it is 
entirely inside the window, intersects the window, or lies 
entirely outside the window. The pieces that remain after 
testing and clipping are mapped to the screen. 


The most basic form of clipping involves output primi- 
tives such as points, lines, and text (figure 3). Even with 
these simple primitives, it is essential that the clipping 
operation be done efficiently since hundreds or even 
thousands of lines must be processed as quickly as 


_ possible to provide the next view of the object as 


smoothly as possible. 


Window-to-Viewport Mapping 


In this context, window is a rectangular area that speci- 
fies the part of a scene—either graphics or text—to be 
displayed and is defined by means of coordinates in the 
lower right and upper left corners. (The type of window 
commonly associated with a page of text or graphics, or 
possibly the dynamic output from a process or program, 
does not apply to this discussion.) 


A window defines what is to be displayed but not where 
it is to be displayed. Therefore, each window requires a 
corresponding viewport that defines the space into 
which the window is to be displayed. In figure 4, the 
window is clipped to its boundary in world coordinates, 
and then subsequently mapped to the viewport bound- 
aries in device coordinates. A few windows appear 
whole, while some are obscured by other windows. A 
viewport obscures another viewport when it has a higher 
priority than the obscured viewport. Viewports may be 
moved around the display area without affecting their 
information content, except when they are moved rela- 
tive to an obscuring viewport. 


The movement of a window about the scene gives the 
effect of changing the observer’s view of the picture. 
Adjusting the size of the window relative to the size of 
the objects being displayed produces arbitrary scaling 
effects. Thus, moving the window and selecting smaller 
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or larger window sizes creates the cinematic effect of 
panning in or zooming out. In theory, one can zoom in on 
a single primitive until it touches the boundaries, or 
zoom out until the entire scene blurs together as a single 
port. 


If the graphics package supports only a single DPU, then 
it is most efficient to convert directly from world coordi- 
nates to physical coordinates. For packages that sup- 
port multiple display devices, it is convenient to produce 
Figure 3. Example of Two-Dimensional Clipping 
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a low-level, machine-dependent, normalized device co- 
ordinate representation of the image that can then be 
translated by multiple DPU code generators to the 
appropriate physical device coordinates. Therefore, 
window-to-viewport mapping is a conversion process in 
which the window, defined in world coordinates, is 
converted into device or normalized device coordinates 
for input into the next phase of the viewing pipeline 
(figure 5). 
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Figure 5. Window Boundaries Mapped to Viewport Boundaries 


Window 


(wx1 wy 1) (x, wy1) 


Notes: 
[1] wx1,wx2, wy1, wy2 = window bounderies. 
[2] vx1, vx2, vy1, vy2 = viewport bounderies. 


DPU Code Generation 


This stage in the viewing pipeline converts the clipped 
and mapped output primitives to normalized device 
coordinate space, unless this conversion was already 
performed in the window-to-viewport mapping phase. 
Device-independent primitives are converted into actual 
DPU commands with operation codes, functions, and 
beam displacement fields in physical device coordi- 
nates. 


Segmentation 


The final stage, segmentation, involves organization of 
the output primitives into logically related segments for 
selective identification and modification of the image. 
Once a picture of an object has been created and drawn, 
changes to the drawing can be made by means of 
modifications to the data structure. Producing an up- 
dated view of the modified object(s) by having the 
application program redescribe everything to the graph- 
ics package, even though only a portion has been 
changed, would be very wasteful because of the com- 
putations required to clip and map world coordinates 
into device-dependent coordinates. 


Segmentation, where the object’s description is parti- 
tioned into segments that are individually displayed, 
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Viewport 
(vx2, vy2) 


(xv, vy1) 





provides the system with an extra dimension of flexibil- 
ity, a way of creating a high-level representation of the 
total picture. Each segment consists of attributes deter- 
mining the state of the segment, as well as a sequence of 
output primitives. Fast selective modification is a neces- 
sity of high-quality interactive graphics because it pro- 
vides rapid response to the user for closely coupled 
feedback. 


Geometric Transformations 


A graphics system should also provide the ability to 
scale and rotate images in two- and three-dimensional 
space. These geometric transformations should be free 
from device-dependent issues such as screen coordi- 
nates so that different views of a picture at different 
scales may be selected, and repeated symbols in pic- 
tures may be drawn at various scales and angles of 
rotation. 


The most common way to view transformations is with 4 
by 4 matrix multiplication. However, matrix multiplica- 
tion requires many intermediate steps, making the trans- 
formation of object coordinates one of the most time- 
consuming steps in the entire graphics output sequence. 


Arbitrary two- and three-dimensional transformations 


such as object rotations, translations, scaling, and per- 
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spective and orthographic projection may precede the 
clipping function in the graphics pipeline, and may also 
include the ability to transform the image into viewport 
coordinates (figure 6). Because matrix representations 
for translating, scaling and rotating differ (scaling re- 
quires an additional matrix and rotation uses a multipli- 
cation matrix), itis more efficient to treat these functions 
in a consistent way. For example, if they are expressed in 
homogeneous coordinates, all three transformations 
could be expressed as multiplications. 


Figure 6. Transformations 
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Homogeneous coordinates were developed in geometry 
and have subsequently been applied in graphics (figure 
6). Numerous graphics subroutine packages and some 
display processors work with homogeneous coordinates 
and transformations. In some cases, they are used 
directly by the application program in passing parame- 
ters to the graphics package. In other cases, they are 
applied only within the package and are invisible to the 
programmer. 


Before scaling 


(2, 6) (4,6) 
After scaling 
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INTERACTIVE GRAPHICS TECHNIQUES 


One of the principal goals of interactive systems, graph- 
ics or otherwise, is the symbiosis between man and 
machine. When a user is able to interact with a computer, 
this interaction is said to be conversational. Working 
together on a single task merges the capabilities of the 
two partners, man and computer. 


Of all the possibilities for graphics input hardware, the 
keyboard is certainly the most familiar, Many graphics 
systems have little more. There are five basic logical 
input devices: the locator to indicate a position and/or 
orientation, the pick to select a display entity, the valu- 
ator to input a single value in the space of real numbers, 
the keyboard to input a character string, and a button to 
select from a set of possible alternative actions or 
choices. Logical input devices are rather like logical files 
in an operating system. A sequential input file may be 
implemented physically by means of a card reader, a 
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magnetic tape drive, a disk drive, or a terminal keyboard. 
The application program doesn’t care because the oper- 
ating system makes them functionally alike, despite their 
physical differences. 


Many graphics systems simulate the logical functions of 
another class, although some of the simulations can be 
rather awkward. These implementations are sometimes 
part of the graphics package. For example, since a 
direct-view storage tube cannot be used with a light pen, 
the cross-hair cursor locator might be used as a pick. 


In addition to interactive devices and device simulations, 
interaction techniques are used as the basic building 
blocks from which complete interactive dialogues are 
designed. Interactive techniques are higher-level func- 
tions implemented through the basic device simulations 
already discussed. These techniques, which are general 
application-independent ways of interfacing with a com- 
puter, are routinely used in many graphics packages and 
include the following: 
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e Construction Techniques—where the physical ap- 
pearance of an object is indirectly manipulated by 
means of dragging or rubberbanding. 

e Command Techniques—where menus and _ pro- 
grammed function keyboards are used to input com- 
mands. - 

e Picking Techniques—where a hierarchical object 
structure allows the user to pick a basic object, a 
collection of basic objects, or perhaps a collection of 
collections. 


When programming graphical input devices, a certain 
degree of device independence can be gained by provid- 
ing individual high-level primitive functions for each 
basic form of interaction. The following list, based on this 
approach, is adequate for most graphics applications 
and can be implemented on a surprisingly large variety of 
terminals. 


e Positioning—where the user defines a location on the 
screen. This location is passed back to the program, 
which uses it to position objects or endpoints of lines. 

e Pointing—where the user identifies an object already 
displayed on the screen. This can be used to delete 
and copy objects or to implement light buttons and 
other means. 

e@ Inking—which is used to specify a free-hand curve as 
a collection of screen points. 

e Character Recognition—where the user draws a 
number of inked strokes that together can be recog- 
nized as a text character, an editing mark, or some 
other symbol. 

e Dragging—where coordinates from a graphical input 
device are used to specify the location of some object 
on the screen. Repositioning is performed rapidly 
enough so that the user can “‘rag”the object around 
the screen until it is correctly positioned, at which 
time it is fixed again. 


Device independence is just as troublesome here as it is 
in graphical output. The problem is not that input devices 
have such different characteristics, but that each input 
technique demands a specific form of immediate feed- 
back on the screen. The popular rubberband line draw- 
ing technique, for example, depends on the dynamic 
display of a line with one endpoint fixed and the other 
following the coordinate input device. It is difficult to 
provide this sort of effect without modifying the graphi- 
cal output process. Therefore, meddling with the output 
process should be avoided in the interest of device 
independence. 





DISPLAY HARDWARE 


Without special hardware for producing output, there 
would be little interest in computer graphics. Useful 
pictures can be produced using only a line printer or a 
normal hardcopy alphanumeric terminal, but what most 
people expect from a graphics system is something 
much more. . 


Most graphics hardware has options for moving in two 
dimensions, plotting or intensifying certain points on a 
surface, displaying characters, and providing gray-level 
variation or color shading. The number of such devices is 
increasing yearly and includes vector or raster CRTs, 
hardcopy drum and flatbed plotters, impact and ink-jet 
matrix printer/plotters, color copiers, LED displays, 
plasma panels, and laser printers. In this discussion, the 
focus will be on CRT technology for vector and raster 
scanning, with emphasis on the system architectures 
needed to implement such devices in a graphics system. 


CRTs for Raster and Vector Scanning 


The DPU is a special-purpose CPU with its own set of 
commands, data formats, and an instruction counter 
that executes a sequence of instructions called the 
display file to create an image on the display device. 
Individual DPU instructions typically are used to draw a 
point, a line, or a character string. Interactive devices 
attached to the DPU can also be used to input com- 
mands and other information. 


The DPU can be organized to create an image, either by 
random or raster scanning. In a random scanning sys- 
tem (sometimes called a vector, stroke, or calligraphic 
scanning system), parts of the drawing can be depicted 
in any order on the display. For example, the house in 
figure 6 was drawn by moving (detecting) the beam to 
the starting point, turning it on, and continuously de- 
fiecting it between successive endpoints to trace the 
house outline. In a raster scanning (TV-type) system, all 
parts of the drawing in the first.line are reproduced in 
left-to-right order, followed by all parts of the drawing in 
the second line, and so on. Hardcopy devices operate in 
either a random or raster scanning system. The printer, a 
simple hardcopy device, has a-print head that moves 
from left to right and top to bottom. The pen plotter, 
which uses a pen that can be moved in any direction over 
a piece of paper, is a random scanning device. _ 


Figure 7 shows basic display techniques. Starting in the 
upper left of the screen, the intensity is modulated during 
the left-to-right sweep to create different shades of gray. 
At the right edge, the beam is blanked (turned off), 
repositioned (indicated by the dashed line) at the left 
edge one unit down from the previous scan line, and 
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unblanked. After all scan lines have been drawn, the 
beam returns to the upper-left corner. Broadcast televi- 
sion in the United States operates with 525 scan lines, 
but common raster graphics systems use anywhere 
from 256 to 1024 lines. The more lines used, the higher 
the picture quality. 


Display Processing Unit for Random Scanning 


Figure 8 shows a very simple DPU capable of randomly 
plotting under CPU control individual discrete points on 
a grid of 1024 by 1024 lines. This feature requires that 
10-bit x and y values be made available to the DPU. The 
computer uses input/output commands to load the x and 
y registers with coordinate values, while the analog 
(voltage) equivalents of the coordinate values go to the 
deflection system. The current amplifiers for the mag- 
netic deflection coil produce the appropriate current. 
Once this current has stabilized, the electron beam is 


Figure 7. Display Techniques 
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Figure & Random Scan Display Technology 
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unblanked (turned on) for a few microseconds, and then 
blanked again to detect and draw the next point. The 
whole process can take from 5 to 20 us per point with a 
fast deflection system, or as much as 50 us per point 
with a slow deflection system. In a given system, the 
time between the display of successive points is usually 
nearly proportional to the distance between them. A 
refresh rate of 30 cycles per second allows 33,000 
microseconds per refresh cycle, resulting in display 
capacities from 33,000/50 = 660 to 33,000/5 = 6600 
points. 


The system in figure 8 has no facilities for concurrent 
program execution and display of screen refresh capa- 
bilities. Most contemporary DPUs provide the same 
functions as a general-purpose CPU, functions such as 
an instruction counter, instruction register, and control 
logic that allow the DPU to execute instructions as well 
as to refresh the display. 


Random Scanning 
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Display Processing Unit for Raster Scanning 


The DPU illustrated in figure 9 provides a number of 
features to enhance operation. The CPU loads a DPU 
program into main memory, loads the DPU with the 
starting address, and tells the DPU to start the execu- 
tion of the DPU program. The DPU cycle “steals” from the 
CPU’s memory whenever it needs a new instruction. 
Thus, converting the display to an autonomous proces- 
sor relieves the CPU of the refresh task. 


Images to be displayed by a random scanning system 
are encoded as commands to draw each output primi- 
tive using endpoints of lines as coordinate data values. 
The encoding for raster scanning systems is much 
simpler: output primitives are separated into their con- 
stituent points for display. 


The major differences in simple point plotters, random 
scanners, and raster scanners occur in their organiza- 
tion of stored bits. In point plotting displays, the com- 
ponent points of each successive output primitive are 
stored sequentially and are plotted in that order, one 
picture element at a time becaise the beam may be 
moved randomly on the screen. Conversely, the refresh 
memory in the raster display is arranged as a two- 
dimensional array. The entry at a particular row and 
column stores the brightness and/or color value of the 
corresponding (x,y) position on the screen in the simple 
one-to-one relationship shown in figure 9, i.e., each 
screen and memory location is referenced by an x 
coordinate (ranging from 0 to m—1) and a y coordinate 
(ranging from 0 to n-1). The top row of memory corre- 
sponds to the top scan line, the second row of memory 
to the second scan line, and so on. Image refreshing is 
performed by means of sequential raster scanning 
through the buffer, by scan line rather than by output 
primitive as in random scanning. 


The job of the image refresh system is to cycle, row by 
row, through the refresh buffer, typically 30 to 60 times 
per second. Memory reference addresses are generated 
synchronously with the raster scanning device, and the 
contents of memory are used to control the CRT’s beam 
intensity. The raster scanning generator provides deflec- 
tion signals that generate the raster scanned image and 
also control the x and y address registers defining the 
location of the image to be fetched so as to control the 
CRT beam. At the start, the x address is set to 0 and the 
y register to n—1 (the top of the scan line). As the first 
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scan line is generated, the x address increments from 
m-1. Each point is fetched and used to control the 
intensity of the CRT beam. After the first scan line, the x 
address is reset to 0 and the y address decrements by 1. 
The process continues until the last scan line (y=0) is 
generated. 


Display Resolution 


The number of raster lines capable of being displayed on 
a monitor depends not only on the speed at which the 
electronic beam can be moved across the screen, but 
also on the quality of the electronics controlling the 
beam. Similarly, the number of horizontal points that can 
be plotted depends on the speed at which the beam can 
be switched on and off. The more raster lines and 
horizontal points that can be drawn, the greater the total 
number of points that can be displayed, and hence, the 
greater the resolution of the display. 


Consider a CRT monitor with m pixels on each line and n 
raster lines. If the time required to draw one pixel is P; 
and the time for horizontal retrace in H;, then the total 
time to display one raster line is L; = MP; + H;. Ifthe time 
for one vertical retrace is V;, the total time to draw one 
complete image is t = N(MP; +°H;) + V;. If there are to 
be raster frames per second, then rearranging the above 
for P_ means that the time to draw one pixel is P; = 1/MN, 
— V,/MN — H,/M. This value, usually expressed as a 
frequency, represents a measure of the monitor's resolu- 
tion capability and defines the electronics performance 
required to achieve a particular display resolution, gen- 
erally known as monitor bandwidth. 


Typical bandwidth figures for refreshing of the whole 
image 60 times a second (60 Hz) are 28 MHz for a display 
of 512 by 768 pixels and 88 MHz for a display of 1024 by 
1024 pixels. 


SUMMARY 


The aim of this application note has been to provide an 
overview of a graphics system, defining some of the 
fundamental operations required to render an image 
onto a display device. By no means comprehensive, the 
discussion should at least have provided a framework for 
understanding the common techniques and terminology 
used in a number of today’s very sophisticated applica- 
tions, whether implemented in state-of-the-art VLSI 
technology or organized into a higher performance 
parallel architecture. 
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Figure 9. Raster Scanning Display Technology 
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Figure 10. Raster Scan Instruction Counter 
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Introduction 


The growth of computer graphics is directly attributed 
to the availability of reasonably priced, high quality 
display hardware. The technology most successfully 
addressing this feature is called raster scanning, a type 
of graphics found in television applications and one 
that makes it possible for complex, flicker-free images 
to be displayed. 


Frame buffer architecture is important in determining 
the performance of the entire raster display system. For 
example, although frame buffer architecture is re- 
stricted by the refresh requirements of the display (i.e., 
how fast a new image can be generated in response to 
user input), architecture of the entire graphics system 
is affected as well. This application note discusses 
some of the design techniques inherent to frame buffer 
architecture. 


Raster Scanning 


Araster display system constructs an image as aseries 
of horizontal lines, each composed of picture elements 
(pixels) whose intensity is controlled by a bit map 
generated on the display processing unit (DPU) in 
accordance with graphics primitives defining the unit. 
The device buffering the bit-mapped image is called 
the frame buffer, or image memory, and is usually 
designed with dynamic RAMs (figure 1). Each storage 


Figure 1. Frame Buffer Organization 
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Frame Buffer Architecture 


cell in the frame buffer corresponds to a pixel that 
maps to a point on the display screen. Data stored in 
the frame buffer is systematically read by the DPU 
(video controller) and then used to refresh the CRT 
monitor displaying the image. 


Frame buffers are usually sized in the horizontal and 
vertical directions as a power of 2, in particular 256 by 
256 (28), 512 by 512 (29), or 1024 by 1024 (210) pixels. 
Sizes based on the aspect ratio of the screen (e.g., 768 
by 512 or 1586 by 1024) are also common. These 
dimensions then become device coordinates of the 
raster scanning display system. 


The bits in the frame buffer are scanned by the DPU in 
a left-to-right, top-to-bottom sequence. They are then 
read in parallel and serialized by a scanner that out- 
puts the pixels to the video generator. The pixels mod- 
ulate the CRT beam signal in proportion to the values in 
the frame buffer. 


Refresh Requirements 


The design of frame buffers is determined in large part 
by the requirements of the application. A stable display 
is generally the foremost requirement of a graphics 
system. Therefore, the first design consideration 
should focus on how the video’s refresh controller will 
supply data to the output hardware when pixel time is 
less than a buffer cycle. 
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The frame or image buffer stores a bit map representing 
the image to be displayed. The size of the frame buffer, 
often 512 by 512 or 1024 by 1024, is the resolution of the 
memory, with each element being one pixel. The DPU 
must update the frame buffer with the bit-mapped 
image and periodically refresh the display. Refresh 
requirements are determined by a number of factors, 
including the DPU’s refresh rate, vertical and horizontal 
retrace time, screen resolution, and access time of the 
memory used in the frame buffer. When all of these 
factors are established, the architecture of the frame 
buffer can be determined. 


Two standards developed by the Electronic Industries 
Association (EIA) define the timing of video signals. EIA 
standard RS-170-A specifies interlaced video signals at 
30 frames of 525 lines per second each for typical 
television applications, RS-343-A specifies 30 frames of 
1024 by 1024 noninterlaced images per second or 30 
frames of 512 by 512 noninterlaced images per second 
for high-resolution television applications. 


Knowing how often a new pixel must be supplied to the 
Output device is crucial to determining how quickly 
image memory must be accessed to support the re- 
fresh requirement. Pixel time, the active line time di- 
vided by the number of visible pixels per line, can be 
derived from either the refresh rate, the vertical or 
horizontal blanking interval, the number of lines dis- 
played per frame, or the number of pixels displayed per 
line (figure 2). 


Figure 2. Pixel Time 
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Table 1 gives the values used to derive pixel times for 
several popular display formats. Pixel times will vary 
from system to system, depending on the number of 
visible lines and the number of pixels per scan line. 
However, these figures are typical: (1) 100 ns for 512 x 
512 at 30 Hz; (2) 45 ns for 512 x 512 at 60 Hz; (3) 25ns 
for 1024 x 1024 at 30 Hz; and (4) 10 ns for 1024 x 1024 at 
60 Hz. 


The storage cell is the principal element in a frame 
buffer, which is why advances in frame buffer architec- 
tures have been paced by advances in the cost, perfor- 
mance and structure of these chips. Storage bandwidth 
is of primary concern in the design of frame buffers, 
and while dynamic devices have historically evolved to 
deeper and deeper organizations, the width of the 
access port (e.g., 1M x 1 or 256K x 4) has experienced 
almost no change. 


The trend toward deeper organization meets the needs 
of main buffer designs, but doesn’t provide a solution 
for potential bandwidth requirements. Furthermore, 
resolution isn’t expected to grow significantly beyond 
the 1280 by 1024 now used in most applications, which 
means the need for higher density video buffers is 
limited (figure 3). Consequently, for a 1K x 1K display 
operating at 60 Hz, a pixel rate of 10 ns (as well as 
parallel accessing of the frame buffer) is required. 
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Table 1. Video Timing for Various Display Formats 


Pixels x Lines Rate (Hz) interlaced Time (us) Time (ns) Time (us) (us) 
512 x 485 30 Yes 1271 10.9 63.56 102.80 
640 x 485 30 Yes 1271 10.9 63.56 82.30 
512 x 512 30 Yes 1203 10.9 60.40 96.70 
1024 x 768 30 Yes 1250 [1] 7.0 [1] 40.10 32.37 
1024 x 1024 30 Yes 1250 7.0 30.11 22.57 
1280 x 960 30 Yes 1250 7.0 32.12 19.62 
512 x 485 60 No 1250 7.0 31.79 48.41 
640 x 485 60 No 1250 7.0 31.79 38.73 
512 x 512 60 No 1250 7.0 30.11 45.14 
1024 x 0768 60 No 600 [2] 4.0 [2] 20.92 16.52 
1024 x 1024 60 No 600 4.0 15.69 11.42 
1280 x 960 60 No 600 4.0 16.74 9.95 
1280 x 1024 60 No 600 4.0 15.69 9.13 
Notes: 


(1) Nominal RS-343-A specifications. 
(2) Typical high-performance monitor specifications. 


Figure 3. Color Monitor Standards 


130 kHz (1990-1991) 
2048 x 2048 Photorealistic 


90 kHz (1988-1989) Workstation 
1560 x 1280 Workstations (360 MHz 
(200 MHz Dot Clock) 


1280 x 1024 Dot Clock) 


1024 x 768 
Various 
640 x 350 
320 x 200 


45 60 90 


Horizontal Scan Frequency (kHz) 
83VB-6953B 





Table 2 shows the effect of using a device with a4-bit Table2. Performance of Storage Chip 
organization, which can read and write four bits ina —_rganization Time to Fill (ms) 
single cycle and provide four times the bandwidth of a 


1-bit chip of equal capacity. This wider organization has pin ae 
figured prominently in frame buffer design, and as 16K x1 6.6 
system performance requirements increase, ever wider 64Kx1 26.2 
organization may be required. 256K x 1 105.0 
16K x 4 6.6 
64K x 4 26.2 
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Although an 8-bit organization is practical, the evolu- 
tion toward 16-bit devices will be prohibitive because of 
pin configuration and package size. Therefore, in order 
to meet the required pixel rate of high performance 
graphics systems, the frame buffer must be designed 
with organizations and features that can best support 
the increasing performance requirements. Over the 
years, anumber of different design solutions have been 
proposed. One is to separate the device into a double 
buffer, one for refreshing the display and the other for 
updating the image. Another approach is to incorpo- 
rate the functions needed to update and refresh a 
display into a VLSI DRAM architecture. Both of these 
architectures are important in determining overall per- 
formance, but the organization of the frame buffer also 
plays an important role in optimizing its performance in 
various applications. 


Organization 


How pixel values are mapped into the update proces- 
sor’s address space has a substantial impact on the 
speed with which the processor can alter the memory. 
Two basic types of organization are commonly used to 
store and access pixels in display memory: pixel and 
plane organization. 


Pixel Organization. In pixel organization, the storage 
cell is arranged so that all bits in a pixel are contained 
in the same word. When pixel length is shorter than 
word length, multiple pixels can be packed into each 
word. When the graphics processor accesses a word of 
display memory, all of a pixel’s bits are available simul- 
taneously. Therefore, in a pixel-based architecture, 
frame buffer data is handled one pixel at a time, 
providing a technique that can quickly access individ- 
ual pixels (figure 4). 


For multiple planes, the address to the plane buffer 
generates a data word composed of pixels at the same 
location across multiple planes. Because the pixel 


organization addresses individual pixels; there are no 
problems regarding word alignment during image 
transfers. This architecture is often found in image 
processing and solid modeling applications, where the 
value of each pixel is very computation-intensive be- 
cause of color value or shading variations. 


Plane Organization. In plane organization, the frame 


_buffer may be viewed as a number of separate planes, 


where the number of planes in the frame buffer is equal 
to the number of bits in a pixel. In a two-dimensional 
display memory, each pixel consists of one bit, which 
can be either on or off, indicating the presence or 
absence of a dot. Such a display memory supports a 
monochrome, single-intensity display. In a color dis- 
play, additional bits at each pixel add color and control 
the intensity. A four-bit pixel, for instance, can control 
the CRT’s red, blue and green color guns, as well as the 
pixel’s intensity. Each bit with the pixel corresponds to 
a separate plane. 


Planes can provide information other than color. For 
example, one plane can show a static picture, while 
another displays an icon that the user can drag around 
the screen with a mouse. Alternatively, it is possible to 
use a one-bit plane to mask certain regions of another 
plane. 


In plane organization, display memory is divided so 
that all the bits associated with one plane are stored in 
the same area of memory (figure 5). Each word, there- 
fore, comprises bits associated with only one plane. 
The display memory data is accessed one word at a 


~ time. Since a word is usually 16 to 32 bits, the chip must 


access at least 15 unnecessary bits to be able to 
manipulate one bit with the pixel. Furthermore, be- 
cause of the word boundary of 16 bits, a barrel shifter is 
required if image placement and movement accuracy 
are needed at the actual pixel level. 
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Figure 4. Pixel Access 
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Figure 5. Plane Access 
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Plane organization is the most popular in engineering 
‘and business applications, because they require less 
intensive pixel computation but more intensive data 
creation and image movement computation. This ar- 
chitecture costs less and brings with it higher perfor- 
mance when large bit maps must be manipulated. 


Pixel and Plane Organization.Some applications 
need both types of access, in which case the integrated 
organization shown in figure 6 may be implemented. 
Access to the frame buffer can be either at word width 
or pixel depth, providing the best of both types. For 
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example, when pixel information such as a dot pattern 
for one plane is written to the frame buffer, a number of 
planes can be written at the same time using plane 
access. Because individual pixels can be accessed, 
word alignment when moving images is not an issue. 
Likewise, when the frame buffer is read, a number of 
planes can also be read in plane access and a number 
of pixels can be read simultaneously in pixel access. 
This enhances comparison functions such as color 
detection (pixel access) and pattern detection (plane 
access). 
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Figure 6. Plane and Pixel Access 
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Word Alignment 


Although plane organization is implemented in a num- 
ber of popular graphics systems, restrictions associ- 
ated with word boundary constraints have limited the 
flexibility and performance of these systems. The pixel 
and plane combination solves this problem by provid- 
ing the ability to first access each pixel individually and 
then switch to plane access. 


At the graphic processor level, a number of manufac- 
turers have provided the ability to switch between pixel 
and plane access or provide a function to align word 
boundaries. For example, NEC’s uPD72120 Advanced 
Graphics Display Controller™ provides both plane and 
pixel access. National Semiconductor's graphics chip 
set uses a plane organization, but takes another ap- 
proach to this issue by including a BITBLT (bit-boundary 
block transfer) processing unit chip that is aslave to the 
raster graphics processor and performs all the mask- 
ing, word alignment, barrel shifting, data transfer, and 
Boolean logic necessary for BITBLT operations. 


Access Modes 


The plane and pixel organizations provide a means of 
organizing the frame buffer in such a way that its 
performance is optimized for a number of applications. 
Also, by providing logical and arithmetic functions that 
operate on arrays of data, the transfer of data between 
the graphics processor and the frame buffer can be 
optimized. These logical and arithmetic functions can 
be implemented in the instruction set of the graphics 
buffer or inthe architecture of the frame buffer, depend- 
ing on the application. 


Figure 7. BITBLT Operation 


Display Area 


Block Movement 


* No Change 


* Clipping 
* Masking 


» Source and Destination 


BITBLT Operation 


The BITBLT instruction, first developed on the Alto 
system, provides a powerful capability for bit opera- 
tion on rectangular areas having the same heights and 
widths: 


QO Moves rectangular regions of pixels and is not 
restricted to contiguous linear arrays 


Q Operates at any pixel boundary and is not | 
restricted to byte or word boundaries 


Q Is able to mix the source and destination pixels 
with a Boolean logical operation and is not 
restricted to a simple replace destination with 
source transfer 


The instruction copies a source array into a destination 
array, where the destination array is derived by apply- 
ing a given logical operation called the combining rule 
to pairs of bits in corresponding positions in the two 
arrays (figure 7). 


The original concept of BITBLT entails a set of 16 
specific combining rules that are one of the 16 Boolean 
operations defined in table 3. The AND function uses 
its source as a mask to selectively clear parts of the 
destination, while the OR function selectively sets 
parts of the destination. Thus the OR can be used to 
paint shapes into the refresh buffer, perhaps under 
control of a mouse or tablet. Another use of the OR 
function is to place text characters defined by bit 
arrays into a refresh buffer without changing the back- 
ground pixels around those that form the character 
itself. 


Source At Any Location 


S 
NI 


Boolean Logic Operation 


Clip Window 





HPD72120 Advanced Graphics Display Controller is a trademark of NEC Corporation. 
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Table 3. BITBLT Combination Rules — 

Bit Pattern Boolean Expression . Operation 
0000 d:=0 oe ae ge CR_O 
0001 di=sed - CR_AND 
0010 d:=s°@ CR_SND 
0011 d:= 5 -.  . CRS 
0100 d:= (s)¢d " CR_DNS 
0101 disd 6 Eos CR_D | 
0110 d:=s@d ' CR_XOR 
O111 © d:i=:s+td CR_OR 
1000 d:= (§ + d) ‘CR_NOR 
1001 d:= § 0d) CR_NXOR 
1010 d:=d CR_ND- 
1011 ‘di= @*d) CR_NDNS 
1100 d:= 5s te CR_NS 
1101 d:= (s*(@) CR_NSND 
1110 d:= (°d) CR_NAND 
1111 d:= 1 . CR 
Notes: 


(1) s and d are the source and destination bits. 


(2) *, ,®, and + are Boolean AND, NOT, XOR, OR pparaiots: 
respectively. 


Some versions of BITBLT. also use a 16 by 16 pixel 
halftone or pattern array that functions as an addition 
mask (figure 8). The halftone array can be used.in place 
of the source or can be ANDed with the source prior to 
being combined with the destination. This same ver- 
sion of BITBLT also allows a clipping region to be 
associated with the destination. This can be used, for 
instance, to clip characters defined by bit arrays much 
more easily than if the clipping step where part of the 
viewing transformation process. This speed is crucial, 
especially for smooth scrolling of text by units of less 
'. than one character height. As the name indicates, the 
BITBLT is a block transfer operation, where the desti- 
nation is stored as an array of bytes and where each 
byte represents eight successive bits. — 


PIXBIT Operation 


The implementation of the BITBLT operation can be a 
tricky endeavor. Source and destination areas may 
overlap; therefore, the algorithm must be careful to 
operate in an order that ensures data will not be 
overwritten before it is used. The problem is further 


complicated by the arranged of the frame buffer, which 


is often arranged with 16 or 32 horizontally adjacent 
pixels in a single word. Because regions do not neces- 
sarily fall on word boundaries, corresponding pixels in 
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source and destination words may fall at. different bit 
positions with the words. In order to operate on several 
pixels within each memory word in parallel, two source. 
words must be available to be aligned with the data 
within the destination data word, The logical operation 
is. then applied to the. aligned words, and the result 
written to the destination location. This must be re- 
peated for each word containing a destination pixel. 





The PIXBLT. operation eliminates the need to align 
operands on word boundaries, because the. PIXBLT 
operation accesses pixels and not words or bytes. The 
basic PIXBLT algorithm supports combination rules 
(similar to those found in BITBLT operation) and auto- 
matically aligns the source and destination arrays. 
PIXBLTs operate on multibit pixels, which gives them a 
speed advantage over BITBLTs in color systems be- 
cause they perform the operation on all planes at once. 
They can perform logical and arithmetic operations, 
transparency detection, plane masking; and color ex- 
pansion. Because PIXBLTs perform arithmetic opera- 
tions that require the processor to have the ability to 
handle carries between bits, a PIXBLT can only be 
implemented with a frame buffer that has pixel organi- 
zation. PIXBLTs are useful for performing the Bresen- 
ham anti-aliasing algorithm for line drawing PRES: 


TILE Organization 


Traditional frame buffers are designed so that sequen- 
tial memory locations lie along ascan line. To refresh a 
raster scan display, the sequential pixels must be 
provided at a very high speed. In the past, display 
refreshing required a significant percentage of the 
available RAM bandwidth. Video RAMs that separate 
frame buffer update cycles from video refresh cycles 
recently became available, allowing almost all of the 
RAM bandwidth to be used for image updates. 


Unlike video refresh cycles, generation of images into 
the frame buffer is not necessarily dependent on scan 
lines. in fact, many display operations manipulate 
groups of pixels having two-dimensional locality. This 
characteristic allows frame buffer input mechanisms to 


~ be organized not as scan lines but as two-dimensional 


or. rectangular arrays called tiles. With this organiza- 
tion, more pixels are updated per memory cycle, thus 


increasing the data bandwidth between the scan con- 


verter and the frame buffer and increasing overall 
system performance. 


The number of pixels updated per tile is also a function 
of tile organization and the type of operation being 
performed. In a pixel/plane architecture, tile organiza- 
tions can be readily handied because packed pixels 


NEC 


can be sequentially accessed. For randomly oriented 
vectors, a square tile organization gives the highest 
average number of pixel updates per memory cycle. For 
horizontal vectors that include polygon fill, a tile orga- 
nization linearly in the horizontal dimension gives the 
highest number of pixel updates per cycle. 


© Atile is the maximum, simultaneous work area for 
the graphics processor. 


O The more pixels updated per cycle, the higher the 
pixel performance. 


© The number of pixels updated per cycle is a 
function of tile size. 


© The number of pixels updated per tile is also a 
function of tile organization and the type of 
operation being performed. 


Figure 9 shows an example of a one-plane buffer that 
supports 4 x 4 tiles and 16x 1 tiles. The RAM has 16 data 


Figure 8 Examples of Combination Rules 
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lines, with each of the four groups of data lines (A, B, C 
and D) able to receive a different address. The illustra- 
tion shows how data lines in the storage array map into 
the display. Note that for any 16 consecutive pixels in 
the horizontal direction, each comes from a different 
data line. Also, in any 4 x 4 group of pixels, each of the 
16 comes from a different data line in the array, allowing 
access of 16 pixels to originate from either a 16 x 1 or 4 
x 4 tile, based on the addresses supplied to the different 
groups of RAM. To access a 16 x 1 tile, all groups of RAM 
receive the same address. To access a 4 x 4 tile, each 
group of RAM receives a different address, namely 
ADDR, ADDR+ M, ADDR+ 2M, and ADDR+ 3M (where M 
= consecutive memory addresses). Which group of 
RAM gets each of these addresses depends on the 
particular 4 x 4 tile being accessed. The fact that the 
four data lines within a group always have the same 
address fixes the tiles on four-bit boundaries. 


Result 
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Figure 9. Tile Organization 
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FRAME BUFFER ARCHITECTURES 
Double Buffer Architecture 


One of the solutions is to divide the frame buffer into 
two separate storage arrays, where one is used to 
refresh the display and the other to update the image 
(figure 10). When the display controller decides to 
change the image on the screen, it switches the two 
buffers, substituting the new image into the refresh 
buffer and using the old refresh buffer to update a new 
image, and so forth. One of the disadvantages of this 
architecture is that it requires twice the amount of 
memory; however, it is essential to ensure a smooth 
transition between successive images. Even if the im- 
age can be written within one frame cycle, the display 
must be erased between frames, causing flicker. 


Double buffering can be implemented with two meth- 
ods: either by splitting the available memory in pixel 
depth and using two buffers with reduced color reso- 
lution, or by splitting the x,y resolution of the memory 
- and retaining full pixel depth. When the two buffers use 
entirely separate sets of memory chips, the display 
processor and the video refresh processor have com- 
plete access to their respective memories. If the buffers 
must share memory chips, little or no access improve- 
ment results, but image transition is smoothed. 


A512 x 512 x 32-bit frame buffer can be treated as two 
512 x 512 x 16-bit buffers. In some cases, the lost color 
resolution can be regained in the video output chain. 
The advantage of the pixel depth-splitting approach is 
that the system can be used as a single-buffer system 
for full color applications, and as a double-buffered 
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4x 4Tile 


b. Frame Buffer Display 


system with reduced color resolution for applications 
that may not need full-color capability. 


In systems with at least twice as much memory resolu- 
tion as the desired output resolution, double buffering 
is accomplished by treating the memory as if it were 
two or more distinct buffers of the desired size. In some 
systems, x,y memory storage resolution is larger than 
the maximum displayed resolution, e.g., as ina 1024 x 
1024 storage array in which only 512 x 512 can be 
displayed at any time. 


Correctly designed addressing and window circuitry 
allow the use of different quadrants of the memory as 
multiple buffers. In a system that doesn’t have a sepa- 
rate z buffer, an additional advantage is realized: one 
quadrant of memory that isn't displayed can be used to 
store z values for a z buffer hidden surface algorithm. 
The double-buffer architecture provides a solution to 
the display processor/frame buffer bandwidth problem, 
but at the expense of additional cost and complexity. A 
much more classical solution to this bandwidth prob- 
lem is found in dual-port architectures. Such an archi- 
tecture is provided by a dual-port graphics buffer, 
which consists of a random access port (similar to a 
typical DRAM) and a serial output port. 


Dual-Port Graphics Buffer 


The fundamental structure of a frame buffer is that of a 
dual-port memory in which one port is used to read 
memory values at high speed for displaying and the 
other port is used by an update processor to change 
the display image by changing the memory contents 
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(figure 11). To update the processor, the frame buffer 
behaves like all other memory in the system. It re- 
sponds to each request to read or write a byte, a word, 
or multiple words as required. The display port is 
controlled by a video generator, which reads from 
memory the pixel values that correspond to the raster 
scanning pattern used on the display. The size and 
speed of the frame buffer must be chosen to match the 
properties of the display. 


The display processor accesses the dual-port graphics 
buffer via the random access port, and it performs a 


Figure 10. Double-Buffer Architecture 
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Dual-Port Graphics Buffer Architecture 





data transfer from the random access port to the serial 
port when the display needs to be refreshed. The serial 
port consists of alarge video shift register. The address- 
ing of the memory is arranged so that a row of the 
memory chip contains bits that describe adjacent pix- 
els on a scan line. The shift register is loaded at the 
beginning of the scan line, and then shifted to obtain 
the values of subsequent pixels. Because the shift 
register can only operate at 33 MHz, several chips are 
usually operated in parallel, and a final high-speed 
video multiplexer produces values at pixel rates. 
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The. shift register in a dual-port graphics buffer in- 
creases the bandwith available relative to atypical RAM 
chip by a factor of 6 to 8 in a way that directly benefits 
frame buffer display designs. For display refresh cycles, 
512 bits are obtained with a single row access cycle, 
and therefore almost.100% of the normal row/column 
accesses can be devoted to the update port. Only 
infrequently must the update accesses be suspended 
so that a row address can reload the shift register. 


Several system-oriented features were incorporated 
into the 64K x 4 dual-port graphics buffer architecture, 
including a mask function that provides the ability to 
alter some of the pixel values while leaving the remain- 
ing pixels unchanged. Current applications often re- 
quire updating only one bit on a pixel. Conventional x4 
memory devices must perform the same operation on 
ail four bits. The system must execute a read cycle, 
update the desired data bits, and then execute a write 
cycle or provide an extended read-modify-write cycle. 


The dual-port graphics buffer provides a write-per-bit 
option that can be set as part of a write cycle without 
any increase in cycle time over a standard read or write 
cycle (the write-per-bit feature is also being imple- 
mented on standard DRAM products). Standard dual- 
port graphics buffers also are able to load the serial 
register from the random access port without stopping 
the serial cycle. This feature is called real-time data 
transfer. Information can be transferred during mid- 
scan or during the retrace interval. A single memory 
device can now contain multiple segments of a scan 
line. This feature, combined with the ability to define 
the starting location of the serial port (pointer control) 
greatly simplifies the control logic required for scroll- 
ing and hardware windows. 


Some general themes pertaining to the design of all 
frame buffers, although their implications for each 
application may differ. 


Q Organize the memory to provide sufficient 
bandwidth for both the display and update ports. 
While it is tempting to skimp, it generally leads to 
poor performance because the image cannot be 
changed fast. If the bandwidth for the two ports is 
equal, then the entire image can be changed in 
one frame cycle. 
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Q Organize the update port to access the pixel data 
required. For example, if an application often alters » 
only a single plane of memory at a time, a pixel 
access architecture is inefficient because each 
memory access yields all bits of a pixel rather than 
just the plane needing to be changed. 


Q Organize the memory so that the spatial 
organization of the update port accesses those 
pixels that often need to be changed. The 
conventional organization, which alters a 
horizontal group of pixels in one access, is 
inefficient for writing thin vertical lines in the frame 
buffer. 


Q Design the update port in conjunction with the 
processor that will use it. 


Special Features of a Dual-Port Graphics Buffer 


As the dual-port graphics buffer market has matured, 
manufacturers have created products that increased 
the number of on-chip features (table 4), thereby reduc- 
ing display processor workload and increasing overall 
system performance. This trend has continued, as 
evidenced by designs for contemporary dual-port 
graphics buffers. 


Flash Write Feature. Flash writing uses one of the 


dual-port graphics buffer’s designated special feature 
pins. In the case of NEC’s 256K x 4 uPD42274, pin 22 is 
defined as FWE for flash write enable. This feature 
allows the user to erase and/or write to the display ina 
much faster time than is required using the conven- 
tional method, thus enhancing applications that clear/. 
write the entire display screen (figure 12). The flash 
write feature . 


0 Allows an entire row of scan line data to be written 
in one operation 


0 Is initiated by a special function FWE pin 


O Updates screen data more quickly than in 
conventional write cycles 


In a standard dual-port graphics buffer, a unique row 
and then a unique column are decoded from the ad- 
dress and a single memory cell is written. In this cycle, 
all the column decoder outputs are enabled, allowing: 
all. the bits in the selected row to be written. 


NE 
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Table 4. Feature Comparison =: “ae A eee oe tie 
Device #PD42273/ TC524256A/258A a ea cee 
Features wPD42274 | .PD42275|1C524256; 1C528128A =| TMX44C-251 | MB81C.4251/3 M5M442256. 


Configuration. x4 | xd | xe | x4, x4. x4 
, | 


Sick write | No | Yee | No | No | Wo| Yoo] Yoo | No | No | No | Ve 
Raster | Yes — No 
Operation 
600-mil, : 
28-pin DIP “N/A Yes No 
400-mil, Yes N/A Yes Yes N/A Yes Yes Yes col Yes Yes 
28-pin ZIP . Pa, izes , 
400-mil, Yes N/A Yes Yes N/A Yes Yes Yes Yes 
28-pin SOJ 

600-mil, N/A N/A N/A “Yes “N/A N/A ~ NIA N/A N/A 
40-pin DIP : 

400-mil, N/A Yes N/A N/A Yes N/A N/A N/A N/A N/A 
40-pin SOJ 

Figure 12. Flash Write Operation 
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Bounded Flash Write Feature. Although flash writing 
provides a means for clearing/writing a screen very 
quickly, it can’t be used in the window environment 
popular in today’s graphics market. In conventional 
flash writing, no option exists to write to only a seg- 
ment of the row that will be needed in a window 


environment. The bounded flash write feature can pro- 
vide this function by allowing the user to specify the 
segment of the scan line to be accessed (figure 13). 
Bounded flash writing has not been implemented in 
dual-port graphics buffer architecture, but it deserves 
some consideration in today’s x-window era. 
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Block Write Feature. Many frame buffer designs ad- 
dress specific performance requirements, but the prob- 
lem lies in optimizing the architecture of the display 
processor with the kinds of features that may be 
needed for a general-purpose dual-port graphics 
buffer architecture. For example, the BITBLT operation 
that many graphics processors use to implement win- 
dowing applications is used to transfer blocks of data 
from a source array to a destination array of equal 
height and width. Because this operation moves a 
square block of data, system bus performance can be 
enhanced if the graphics buffer was able to store data 
in a block format, rather than in four separate sequen- 
tial scan lines (figure 14). Unlike bounded flash writing, 
the block move feature has been implemented in sev- 
eral dual-port graphics buffer architectures. 


Persistent Write-Per-Bit Feature. The write-per-bit 
feature is a standard option of dual-port graphics 
buffers, but in some applications, system timing con- 
siderations prohibit the use of this function because of 
the additional overhead required to supply the mask 
data on each write cycle. The persistent write-per-bit 
feature solves this problem by permitting mask data to 
be written only once (figure 15). 


Figure 13. Bounded Flash Write Operation 
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Extended Fast-Page Cycle. The display processor-to- 
frame buffer bandwidth is a key issue in determining 
performance of a graphics system. The trend in dual- 
port graphics buffers has been to follow standard 
DRAM evolution, expanding memory capacity with 
each new generation. In many cases, organization and 
not capacity determines bandwidth of the frame buffer. 
Therefore, a wider x8 organization would enhance sys- 
tem bandwidth and reduce the number of dual-port 
buffers needed in frame buffer design. 


Another approach is to provide high-speed access such 
as the fast-page cycle implemented on the 256K x 4-bit 
generation of dual-port graphics buffers. Bandwidth 
requirements of fast-page cycles may be inadequate in 
some applications. The popularity of RISC architec- 
tures has created a demand for synchronous pipeline 
operation, for which extended fast-page access is 
being proposed. This feature interlaces the internal 
accesses of the dual-port graphics buffer and latches 
the data on-chip so that it can then be accessed 
synchronously, reducing the page access time from 
60 ns to 30 ns. Extended fast-page access means that 
frame buffer designs will be able to increase bandwidth 
without increasing the size or cost of the device. 


Bounded Flash Write 
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Figure 14. Block Write Feature 
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Figure 15. Persistent Write-Per-Bit 
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Logic and Arithmetic Functions 


The BITBLT operation has been defined as a means of 
copying an array of equal height and width from a 
source array to a destination array. Additionally, there 
are a number of combination rules that define how the 
source data is combined with the destination data to 
form the new values. There is also a third form calleda 


uPD42232 is a trademark of NEC Corporation. 
HM534€2 is a trademark of Hitachi. 
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pattern array that can be combined with the source 
toproduce a replicate pattern over the destination. 
Another name for BITBLT is RASTER-OP (figure 16). This 
nomenclature is pertinent to dual-port graphics buffers 
because it has been implemented in devices such as 
the NEC pPD42232™ and the Hitachi HM53462™ (in 
which it was first introduced). 
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Figure 16. RASTER-OP Functions 
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Figure 17. Example of RASTER-OP 
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Destination : 





The function can be implemented by inserting a logic 
unit between the input/output buffers and the internal 
input/output bus amplifier (figure 17). The logic unit is 

‘controlled bya 4-bit code that defines.one of the 16 
combination functions. NEC’s uPD42232 approach to 

-on-chip: RASTER-OP involves the addition of a third 
input to the logic unit, a patternfunction. This approach 
is compatible with the classical implementation of 
BITBLT, but the number of combination functions has 
been increased from 16 to 256 on the NEC device.Logic 
functions provided by the RASTER-OP operation are 
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useful in two-dimensional graphics systems, but with 


the increasing development of three-dimensional sys- 


tems. that..require hidden. surface removal, three- 


dimensional. polygon filling,:etc., there is a requirement 


for much more powerful computational functions. Sev- 
eral contemporary graphics processors provide a num- 


-ber-of pixel processing operations intended to address 


the requirements of three-dimensional systems. 


One example is the pixel-planes graphics engine archi- 
tecture, which replaces the rasterizer, frame buffer, and 
video controller of a conventional system. Its main 


NEC 


component is a "smart frame buffer” composed of 
custom VLSI enhanced memory chips that address the 
computational problem with a highly parallel processor 
that mimics a processor per pixel. The memory band- 
width bottleneck is overcome by intimately connecting 
processing circuitry and memory. Figure 18 shows a 
block diagram of the arithmetic logic unit, where logical 
operations are performed by a one-bit address with a 
multiplier on each of its three inputs. The pixel-planes 
architecture represents a trend in high-end graphics 
architectures that optimizes the graphics pipeline 
primitives by creating a smart frame buffer capable of 
performing computational functions and using con- 
current operations. 


Figure 18. Smart Frame Buffer 
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Word Alignment in Dual-Port Graphics Buffers 


An important issue in plane-organized graphics sys- 
tems is aligning word boundaries. Although alignment 
functions exist in contemporary graphics processors, 
graphics systems designed for the low-end market may 
not be able to justify the cost of a high-end processor. 
One solution is to provide a dual-port graphics buffer 
with both plane and pixel access capabilities. An alter- 
native solution is to include a barrel shifter function 
(figures 19 and 20). Both approaches are nonstandard 
but could be considered for an application-specific 
design that distributes some of the processor’s func- 
tions to the frame buffer. 


Instructions 


Read Data 


Write Data 


Storage 
Enable 


83vB-6971B 


17 





Application Note 89-16 NV. E C 


Figure 19. Chip Addressing to Cross Word Boundaries 
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Figure 20. Barrel Shifter Function 
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Special Serial Port Features 


High performance graphics applications require 
screen refresh rates in the range of 60 to 72 Hz; also 
full-resolution stereoscopic displays require twice this 
refresh rate, 120 Hz. In order to be able to accommo- 
date these high rates, a very fast serial access cycle is 
required. A data transfer cycle to load data from the 
dual-port graphics buffer into its serial access memory 
requires use of the random access port. For example, a 
fast-page cycle must be in progress before a data 
transfer cycle can occur, which means it would be good 
to reduce the number of times that serial access mem- 
ory must be loaded. 
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could be loaded into an idle part of the serial access 
port, the serial access port would not be interrupted. 
This could be accomplished with the use of a split- 
buffer serial port architecture, which separates the 
serial port into two equal halves, allowing concurrent 
data transfers from the random access port while the 
serial port transfers data to the display, thus increasing 
pixel bandwidth. 

Another advantage of using a split-buffer architecture 
is that tile boundaries can be crossed in real time. For 
example, a frame buffer organized into 16 x 16 tile can 
be access by two dual-port graphics buffers. The left 
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half of the split buffers of devices 1 and 2 (figure 21) is 
used to fill tile A, and the right halves are used to fill tile 


B, and so forth. Because the data transfer is done on. 


tile boundary, the unused or off-screen memory in the 
device is one linear array, allowing the system to use 
the memory of other functions such as z buffers. 


Serial Input. Serial input has been offered as a stan- 
dard feature in a number of 64K x 4 and 256K x 4 
-dual-port graphics buffers, and can be used in image 
processing applications as an input port to store serial 
pixel data. The serial port can also be used to transfer 


data between two planes while the display is not being | 


updated, bypassing the random access port buffer. 
‘Although it wasn’t considered an essential feature in the 
past, developing applications indicate a need for serial 
input. 


When both serial input and output functions exist in a 
dual-port graphics buffer, the serial port can execute a 
pseudo-write transfer cycle, which switches the serial 
port from serial output to serial input with no actual 
data transfer taking place between the dynamic and 
static RAMs. This feature is useful in an alternating shift 
sequence where the dual-port graphics buffer is writing 
and reading data on the serial bus. 


Serial Port Organization. The number of serial input/ 
output pins has a direct relationship on the pixel band- 
width and number of dual-port graphics buffers 
needed to update the display. A typical system that 
displays an 8-bit word horizontally on the screen might 
need a final pixel rate of 120 MHz. If the serial port is 
organized with a x8 port operating at 30 MHz, NMOS 
and CMOS devices can be used together with an 8:1 
multiplexer for updating the display. The disadvantage 
of using a wider serial port is larger package size, 
higher power requirements, and increased noise. 


Figure 21. Split Buffer Configuration 
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Video Generation 


The job of the video generator is to fetch pixel values 


’ from the display port, convert them to analog voltages, 


and pass the results to the display monitor where they 
will control the intensity of one. or more electronic 
beams. The video generator also creates synchroniza- 
tion signals used by the display monitor to coordinate 
the beam’s sweep across the screen with the arrival of 
pixel data. 


Video Lookup Tables. In addition to providing a digital- 
to-analog conversion function, the video generation 
circuit almost always provides a RAM-based lookup 
table that performs two functions: it allows greater 
precision in intensity or color values than can be 
represented in the frame buffer directly, and it allows 
certain kinds of dynamic displays because the table 
can be changed more rapidly than the contents of the 
entire frame buffer. 


A pixel’s color is determined by the bits stored at the 
pixel’s address in the frame buffer. The pixel’s contents 
don't drive the digital-to-analog converter directly; they 
are pointers to colors in a RAM lookup table. The width 
of the lookup table in a triple digital-to-analog converter 
formation is three times the resolution of the devices. 
The first third of the lookup table entry controls the red 
digital-to-analog converter, the second controls the 
blue, and the third controls the green. The number of 
bits in memory controls the total palette size. For 
example, three 6-bit digital-to-analog converters will 
result in an 18-bit wide lookup table, allowing a total 
palette size of 262,144 colors. 
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Color resolution is determined by the number of bits 
per pixel. Eight bits per pixel gives a markedly better 


picture than four bits per pixel; however, 24 bits per. 


pixel provides true color. More than 256 colors can be 
displayed on the screen at once by changing the color 
associated with each address in the lookup table. The 
colors can be changed as often as once every scan 
line. This technique is called "pseudocolor.” 


Lookup tables may have separate registers for gener- 
ating overlays, which provide a means of generating an 
image separate from the frame buffer. The overlay 
registers are controlled by the system processor, and 
allow the system software to control the system graph- 
ics elements independently from the application soft- 
ware graphics. System software displays basic, rela- 


tively unchanging graphics elements such as cursors, . 


screen frames, and system messages. Application soft- 
ware manipulates a variety of changing graphical infor- 
mation. By overlaying one or more separate graphics 
planes displaying system information, the time- 
consuming task of updating the frame buffer can be 
avoided (figure 22). 


Digital-To-Analog Converters. The digital-to-analog 
conversion portion of the video generation circuit con- 
verts the digital output of the lookup table into analog 


Figure 22. Overlaying of One or More Planes 
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circuits that are used to drive the display monitor. 
These converters are specified regarding their organi- 
zation (e.g., triple 6-bit, single 8-bit, etc.) and the speed 
at which they can operate. Figure 23 shows the rela- 
tionship between screen resolution and digital-to- 
analog converter bandwidth. A number of manufactur- 
ers produce both triple and single converters, up to a 
speed of 360 MHz. If greater speed is required, a dis- 
crete bipolar. circuit needs to be designed. 
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Figure 23. Relationship Between Screen Resolution and Bandwidth of the Digital-to-Analog Converter 
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Introduction 


Computer-generated images that rival color photogra- 
phy in all of its nuances of color, shading, reflectance 
and translucency is in demand by a growing number of 
users, This application note will discuss the algorithms 
able to generate these effects, which have been inte- 
grated into a variety of systems with impressive results. 


Three-Dimensional Graphics System 


In a three-dimensional system, the object rendered is 
described as a mathematical model that holds primi- 
tives such as lines, polylines, and polygons in a display 
list. Traversing the display list produces a sequence of 
data in world coordinates. Often this data represents 
polygon vertices, but it can also represent control 
points for parametric surfaces and other data that 
must be converted to a polygonal approximation of the 
surface. Polygons expressed in three-dimensional 
world coordinates transform geometrically into a form 
suitable for display on atwo-dimensional raster device. 
Transformations include three-dimensional to two- 
dimensional! projection, translation, scaling, rotation, 
perspective projection, and clipping. The result is a 
series of polygon vertices supplied in coordinates for a 
specific CRT. 


The polygon vertices and their associated color data 
are interpolated to determine the pixels to be illumi- 
nated and the color to be displayed, while depth (z 
axis) information is interpolated to determine which 
polygons are obscured from the observer's view. Color 
values are written to the frame buffer and depth values 
to the z buffer which, with its associated hardware, 
supplies hidden surface removal. Finally, each pixel 
from the frame buffer is sequenced in the line as 
required by the CRT and converted to an analog signal. 


Although a basic three-dimensional system can render 
a realistic image, special functions are required to 


Figure 1. Basic Three-Dimensional Pipeline 


Clipped World 
Coordinates 


Three-dimensional 
World Coordinate 


Output Primitives Clip Against 


View Volume 


Project Onto 
Projection Plane 





produce subtleties of color, shading, shape and trans- 
lucency. These functions must be able to model the 
behavior of light with different levels of complexity, 
provide methods for creating realistic surface textures, 
compensate for the limitations of the display technol- 
ogy, and provide techniques for rendering natural ef- 
fects such as terrain and clouds. 


Two- and Three-Dimensional Image Processing 


Three-dimensional graphics is an order of magnitude 
more complex than two-dimensional graphics, and 
while a detailed description of its specifics is beyond 
the scope of this paper, some aspects pertain to this 
discusssion. 


The viewing pipeline in two-dimensional graphics in- 
volves transformations from two-dimensional! coordi- 
nates, world coordinates, normalized device coordi- 
nates, and device coordinates. Moreover, the objects 
may be transformed at one of the stages by some 
combination of translation, scaling, and rotation. 


In three-dimensional graphics, the pipeline is more 
complex because there is a projection stage, where the 
three-dimensional world coordinates in which the 
scene is described are projected onto a_ two- 
dimensional projection plane. Conceptually, objects in 
the three-dimensional world are clipped against the 
three-dimensional view volume and then projected. A 
view volume is specified in world coordinates, in a 
projection onto the projection plane, and in a viewport 
on the surface. The contents of the window, which is 
itself the projection of the view volume onto the projec- 
tion plane, are then mapped into the viewport for 
display. Figure 1 shows this process, which is the model 
used in numerous three-dimensional graphics subrou- 
tine packages. As with two-dimensional viewing, a 
variety of models can be used for actual implementa- 
tion of the viewing process. 
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Given the specification of a view volume and a projec- 
tion, there is a need to understand how the clipping 
actually is done and how the projection is applied. It is 
possible:to clip-tines: against. the view volume by first 
calculating their intersection with each of the six planes 
defining: the. view volume. Lines. remaining after the 
clipping process would be projected onto the view 
plane by simultaneously calculating the intersection of 
the projectors through their end. points with the view 
plane. The coordinates. would then be transformed 
from three- into two-dimensional world coordinates. 

To be able to iriclude three-dimensional viewing opera- 
tions ina standard graphics package, two sets of 
capabilities must be.added: output primitives in three- 
dimensional coordinates, and specifications. of planar 
geometric | projections. Output primitives in three- 
dimensional world coordinates are Straightforward ex- 


Figure 2. 
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Three-Dimensional Projections. 
Table 1 identifies and defines the specifications for a 


three-dimensional projection. Figures 3, 4 and 5 are 
corresponding examples, 





tensions from the two-dimensional primitives. A third 
parameter, the z coordinate, is added to the procedure 
call. The perspective projections in a graphics package 
allow viewing from a number of perspectives, including 
from the center of a projection, from a view plane, from 
awindow on the view plane, and from aviewport on ne 
view surface. gis 


The - extra complexity introduced with three. 
dimensional viewing is caused.by the fact that the 
display devices are only two-dimensional. The solution 
to the mismatch between three-dimensional objects 
and two-dimensional! displays is solved by introducing 
projections, which transform three-dimensional ob- 
jects onto a two-dimensional projection plane (figure 
2). The large number of calculations required for this 
process, repeated for many lines, calls for considerable 
computing. — 


Three-Dimensional Viewing Process Extended to Include Two-Dimensional 
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Table 1. _Parameters fora Three-Dimensional Projection 
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uv Coordinate System System by. which. a window is detined 


u Axis Direction 


The direction of u, v and'the view plane normal when positioned to form a left-hand coordinate system 


Coincident with the projection of the view up vector parallel to the view plane normal onto the view plane 





~ Center of Projection 


Helps define the view volume and is.specified in-world coordinates relative to the view reference point 





View Plane 


Plane. on which the scene is to be projected 


i i Distance of the view reference point to the view point along the view plane normal 


View Plane Distance 
View Plane Normal Is used to specify the view plane 
Niew Reference Point . 
View Up Vector 


View Volume... 


ho 


Source of u axis and v axis in the uv coordinate system 
"Determines the v axis direction; its projection parallel to the view plane normal is coincident with the v axis — 


.. Bounds the. portion of the world that will. be clipped and projected, and is defined in part by the window 
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Figure 3 illustrates how the v-axis direction on the view 
plane is determined. The v-axis direction coincides with 
the projection of the view up vector parallel to the view 
plane normal. 


Figure 3. uv System in the View Plane 
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The view reference point, view up vector, and view plane 
normal are specified in the left-hand world coordinate 
system. With the uv system defined on the view plane, 
it is possible to specify the window’s minimum and 
maximum u and v values, as shown in figure 4. Notice 
that the window need not be symmetrical about the 
view reference point. — 


Figure 4. Window in uv Coordinates 
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For perspective projections, the center of projection 
also helps to define the view volume. The center of 
projection is specified in world coordinates relative to 
the view reference point. The view volume is a semi- 
infinite pyramid that slides through the window, with its 
apex at the center of projection. Figure 5 shows the 
perspective projection view volumes. Positions behind 
the center of projection are not included in the view 
volume and will not be projected. 


Figure 5. Semi-infinite Pyramid View Volume 
for Perspective Projection 
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Anti-Aliasing 


No matter how sophisticated the object model, it can- 
not overcome the consequences of sampling a contin- 
uous scene with a finite number of elements. Such 
sampling is an inevitable outcome of the very raster 
graphics technology that has made shaded image 
generation possible. A raster display consists of a 
rectangular array of spots, each of which can be con- 
trolled in intensity by the CPU. The actual image is a 
continuous intensity function of x and y on the screen; 
the pixels are regularly spaced samples of this contin- 
uous function. In any sampled data system, problems 
arise if the resolution of the continuous function is the 
same as or smaller than the spacing between samples. 
This phenomenon, known as aliasing, is visible on CRT 
screens as jagged lines, or jaggies. It is particularly 
apparent on lines and curves angled close to the 
horizontal and vertical axes, and often appears in 
images displayed on screens with low to moderate 
resolution (figures 6 and 7). 


Figure 6. Vertical Aliasing 
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Figure 7. Horizontal Aliasing 
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Generally, aliasing can be found in at least three types 
of graphics: (1) in jagged edges of straight lines and 
polygon boundaries, (2) in objects smaller than pixel 
size or in objects containing very thin lines or polygons, 
or (8) in complex scenes containing a lot of fine detail. 
Unless special measures are taken, the. fine detail is 
either totally lost or distorted beyond recognition. 
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The solution is to eliminate high frequency information 
before sampling the picture. Visually this means blur- 
ring the picture. Mathematically it means the intensity 
of a picture should be more than just the point to which 
it corresponds in the continuous picture; it should be 
some weighted average of the intensities surrounding 
the point. The anti-aliasing process requires the weight- 
ing function at each pixel to be multiplied by the ideal 
intensity function, the results integrated, and the result 
used as the displayed intensity. Perhaps the most 
obvious anti-aliasing technique is to sample the image 
at a resolution higher than the one used for display, and 
average down to the true pixel level. Elementary statis- 
tical theory shows that the average values contain 
more information about the true image than if the 
sampling had been performed at display resolution 
size. 


Aliasing occurs especially when the intensities in the 
scene change sharply within a region, for it is in 
precisely such regions that the sampling rate is not 
high enough to capture the changes. The idea of filter- 
ing is directly based on the idea of a pixel covering a 
finite area of the scene. A filter applied to the scene 
definition has the effect of spreading, theoretically, the 
influence of the scene intensities to all pixels covering 
the scene. In this way, every part of every object makes 
some contribution to each of the pixel intensities of the 
final image. 

Visibility 

A three-dimensional scene is usually defined within a 
computer as a collection of objects, each of which may 
be described as a series of points and lines, or possibly 
as a set of polygons. Each of these by itself is easy to 
display. Using the transformation, perspective, and 
clipping algorithms described earlier, asystem can plot 
these individual pieces on the display. However, in 
cases where there are a large number of objects, some 
may be positioned so as to obscure the eye point’s view 
of others. This is referred to as the hidden line or hidden 
surface problem, depending on whether the eventual 


end product is a line drawing or a shaded rendering of 
the scene, 


Solutions to this problem have typically required large 
amounts of computing time. Compared to the work 
involved in computing transformation, perspective and 
clipping algorithms, the hidden surface calculation is 
usually the dominant cost in such a program. The 
former calculations depend only on an individual ob- 
ject, not on its relationship to the other objects in a 
scene. Thus the amount of work is roughly proportional 
to the number of objects within the scene. However, 
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hidden surface removal requires that each object be 
compared to every other object. 


The various surfaces of an object to be shown in hidden 
surface or hidden line form must be sorted to find which 
ones are visible at various places on the screen. Sur- 
faces may be sorted by lateral position in the picture 
(xy), by depth (z), or by other criteria. To reduce the 
amount of sorting, each hidden surface algorithm must 
use some property of coherence of the objects repre- 
sented. A picture is coherent not only because it 
consists of flat faces, but also because those faces 
relate to each other to form objects. A number of hidden 
surface algorithms have been developed by systemat- 
ically looking for additional kinds of coherence and by 
sorting orders and types. 


Hidden line or hidden surface removal algorithms have 
been separated into three categories. First, there are 
the algorithms operating in object space independent 
of the type of device used, whose different steps oper- 
ate directly on the vertices of the face. The object space 
of an image is the set of primitives such as lines, 
polygons and spheres that compose the scene to be 
depicted. The object space methods attempt to solve 
the problem geometrically in the three-dimensional 
space of the scene definition. 


The second category of algorithm assumes that the 
number of points composing the projection plane is 
finite and generally coincides with the raster display 
resolution. Image space of a scene, i. e., the set of raster 
elements (pixels) of the display, contains a fixed num- 
ber of elements equaling the resolution of the display. 
Image space algorithms are specifically designed for 
modern raster graphics image generation and. are 
more popular and widely used than the object space 
algorithms. 


The last category, the so-called “list priority” algo- 
rithms, are generally characterized by a sorting step in 
object space and a display in image space. The sim- 
plest and fastest hidden surface algorithm is known as 
the z buffer algorithm. Other examples are the polygon 
scan conversion algorithm and the divide.and conquer 
algorithm. 


Z Buffer Algorithm and Hidden Surface Removal 


Hidden surface removal is possible with an image 
space algorithm called the z buffer algorithm. Of all the 
complex algorithms addressing hidden line and sur- 
face removal, none are as straightforward as this one 
because it maintains color as well as depth (2) informa- 
tion at each pixel. A refresh buffer stores intensity 
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values, and the z buffer array stores depth values 
corresponding to the pixels currently set. 


The z buffer must have the same dimensions as the 
display frame buffer. All locations in the z buffer are 
initialized to the value perceived by the viewer to be the 
farthest behind the screen, while the corresponding 
display pixels are set to the required background color. 
As each polygon is rasterized, the z values for the 
resulting pixels are compared individually with the 
previously stored z values. The new 2 value is written to 
the z buffer, and the new associated color is written to 
the frame buffer. if the new z value is larger (i.e., farther 
away), then neither buffer is modified. 


The obvious advantage of this algorithm is that it is 
computationally simple, and its performance is inde- 
pendent of the complexity of the scene in terms of 
visibility. Its running time is proportional to the number 
of polygons to be processed, and not to the relation- 
ship between the polygons. A disadvantage of the 
method is that it requires a large amount of memory to 
maintain the z buffer. For example, for a 512 by 512 
display, the z buffer size is a megabyte of memory if the 
z value precision of 16 to 20 bits would suffice. In any 
case, the relatively low cost of memory allows the 
realistic marketing of fast access z buffer hardware 
memory boards, which is perhaps the ideal solution. 


Scan Line and Area Subdivision Algorithms 


Scan line algorithms operate in image space to create 
an image one scan line at a time. This approach is an 
extension of the polygon scan conversion algorithm 
and thus uses scan line coherence and edge coher- 
ence. The difference between the two methods is that 
all the polygons that define an object are involved. The 
algorithm performs a y sort, and then an x sort, and 
finally a z depth search to establish the visible face. In 
the scan line method, the dimensions are first reduced 
to two at the intersection of the plane through the scan 
line, parallel to where the z axis intersects the scene, 
and then reduced to one by considering only the line 
segments on the plane with minimum z values. A z 
buffer based on polyhedral surfaces also makes use of 
depth coherence to improve speed of computation, 
whereas the scan line method is based on edge and 
scan line coherence. 


Another method, the area subdivision or divide and 
conquer algorithm departs from strategies used in 
other algorithms in that it is based on area coherence 
and solves the general sorting problem by attempting 
to avoid it altogether An area of the projection plane 
image is examined, and if it is easy to decide which 
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polygon or polygons are visible in the area, the appro- 
priate ones are displayed. Otherwise the area is subdi- 
vided into smaller areas and the decision logic is 
recursively applied to each of the smaller areas. As the 
areas become smaller, fewer and fewer polygons will 
overlap, and ultimately a decision will be possible. 


This algorithm clearly takes an image space approach 
by exploiting area coherence, i.e., the tendency for at 
least the small areas of an image to be contained in a 
single polygon at most. Area coherence means that 
pixels close together are likely to correspond to the 
same object and have a similar color, which is the 
underlying assumption of the algorithm. This algorithm 
generally performs less efficiently than the scan line 
method, because it involves more work to sort things 
out when projections of polygons overlap. 


Shading 


After hidden surfaces have been removed, the next 
step in creating a realistic image is to shade the visible 
surfaces, taking into account the light source, surface 
characteristics, and positions and orientations of the 
surfaces and sources. Graphics system designers have 
been developing lighting and shading models for ren- 
dering graphics images at different levels of realism. 
This involves some understanding of the fundamental 
properties of the humam vision system. Unlike a pho- 
tograph of a real world scene, a computer-generated 
shaded picture is made from a numerical model stored 
in the computer as an objective model. The goal of the 
shading model is to provide realistic images of surfaces 
for which the illumination of a surface depends on its 
orientation. If it is normal to the incident light rays, the 
surface is brightly illuminated. The more oblique the 
surface is to the light rays, the less the illumination. 
This variation in illumination is a powerful cue to the 
three-dimensional structure of an object. It would be a 
waste of modern day computer graphics resources if 
color-generation techniques were not used to their full 
capacity. Shading is one of these techniques. 


Light Models 


In 1975, Bui-Tuong Phong proposed a light model for 
specular reflection that has since been termed Phong 
shading. This model specified how light reflects from 
glossy surfaces such as billiard balls, apples, china, 
and as an extreme, mirrors. Before this model, light was 
modeled on how it reflected from a perfectly diffused 
surface, i.e., one that reflects light equally in all direc- 
tions (figure 8). 
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Figure 8 Basic Lighting Model for Shading 
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When planar polygons are used to approximate curved 
surfaces, greater realism can be achieved by an inter- 
polation scheme introduced by Gouraud. This scheme 
is called Gouraud smooth shading, or intensity- 
interpolation shading. \n flat shading, a single intensity 
value for shading the entire polygon face is calculated, 
a single surface-normal vector is defined for each 
represented polygon, and each polygon is shaded with 
asingle color. This is a reasonable approach to shading 
flat surfaces where the intensity of the light reflected 
from the surface is held constant over the entire sur- 
face. 


Gouraud shading provides smooth shading through a 
linear interpolation technique in which surface-normal 
vectors are computed at the vertices or corners of each 
face of a polyhedron. First, surface normals are calcu- 
lated. Subsequently, vertex normals are computed by 
averaging the surface normals of all the polygon faces 
common to the vertex. Each of these vertex normals are 
used to compute a vertex shade, and then the shade 
inside the particular polygon face is interpolated from 
the vertex shades. Each polygon is shaded along each 
edge and then between edges along each scan line. 


Phong shading is a complex algorithm that computes 
the intensity value of each pixel of a polygon face 
according to how that point is oriented to the light 
source(s). Phong’s was the first shading model to 
_ achieve realistic highlights using interpolation of sur- 
face normals and an approximation of specular reflec- 
tion. The Phong shading model entails interpolated 
surface-normal vectors across the polygon face—as 
opposed to Gouraud shading—and using the interpo- 
lated surface normal to calculate the intensity values 
for each pixel on the polygon surface. The intensity 
contribution for each light is modeled as the sum of 
diffuse and specular components. Because the Phong 
technique requires extensive Computer power to exe- 
cute the complex calculations needed to shade each 
pixel of an object’s surface, it is usually performed only 
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on supercomputers or superminicomputers.. Phong 
and Gouraud shading models also support the full 
range of lighting controls, including multiple, colored 
point, spot and directional light sources. The special 
advantage of these schemes is that they fit well with 
scan line algorithms for filling polygons. 


The Phong model yields a surface with a specific 
normal based solely on the curvature of the surface, 
which causes a shiny, plastic look. To make this surface 
appear more realistic, a textured surface must be 
mapped over the first surface. This technique is called 
procedural textured mapping and provides a means of 
defining constant, matte, metal and plastic surfaces. 


Ray Casting and Ray Tracing 


Ray tracing algorithms simulate the interaction of light 
with the environment, simply determining such optical 
effects as reflection, refraction, and shadowing. Ray 
tracing is a computer graphics technique in which the 
path of all the individual light rays contributing to the 
image are traced explicitly. These techniques are direct 
and somewhat brute force methods for solving the 
visibility problem. Nevertheless, ray tracing algorithms 
have produced some of the most spectacular results in 
graphics images. Many visual and lighting effects such 
as refraction and reflection, motion blur, depth-of-field, 
penumbrae, and nonuniform interradiation can be 
modeled with ray tracing. Despite its simplicity and 
robustness, ray tracing is seldom used in practical 
applications because of its high computational re- 
quirements. | 


The idea of ray casting is a very simple one: for each 
pixel, trace a ray from the eye position (in image space) 
through the pixel and find the intersections with all the 
objects in the scene. The intersection having the small- 
est z value determines the color of the pixel. Ray tracing 
is more complex, because once the first intersection is 
found, the ray is reflected off the object surface and 
traced back farther—and so on recursively—until it 
passes out of the scene or is traced to one of the 
original light sources. Similarly, if the surface is trans- 
parent, then an additional ray is refracted through the 
surface and traced. In this way, a number of features 
that are extremely difficult to implement in other meth- 
ods can be easily introduced into the rendering. Prob- 
lems with visibility and transparency, as well as with 
shadows and the reflection of objects on each other, 
can be easily solved. 


The fundamental idea is to trace light rays and to 
determine which one ends up at the view point. Unfor- 
tunately, an infinite number of rays emanate from each 
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point light source, and most of them never reach the 
view point. Thus, the tracing starts at the view point and 
traces rays backward through each pixel to their origin. 
A ray of light striking the surface of an object breaks 
into three parts: diffusely reflected light, specularly 
reflected light, and transmitted light. Similarly, a ray of 
light leaving the surface of an object is in general the 
sum of contributions of the three sources. This means 
that each time a ray leaves an object, up to three new 
rays should be traced. 


Figure 9 shows the tree grown in the process of tracing 
a particular ray backward. S; is the light ray that comes 
into surface 1 at such an angle that it is specularly 
reflected and leaves as part of the outgoing ray. Simi- 
larly, Ty is the light ray incident on surface 1 such that it 
is transmitted and leaves as part of the outgoing ray. 
Each node of the tree corresponds to a surface. After 
the tree is completely grown, the intensities at each leaf 
node are computed and then used to compute the 
intensity at the parent node, until the root node is 
reached. 
Figure 9. Tree Grown From Tracing a Single 
Ray to Viewer 
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(Opaque) 
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An infinite number of rays could be traced backward, 
but only those rays passing through the view point and 
the corner of the pixels are actually traced. T;’s permit 
anti-aliasing to be performed, because the intensities 
can be averaged to calculate the intensity of the pixel. 
If the four rays through the corners of a pixel subtend a 
volume in space that contains a lot of fine detail, the 
pixel is subdivided and additional rays are traced to 
help the anti-aliasing process. As ray tracing is devel- 
oped further, speed increases will undoubtedly come 
from the application of coherence or other properties 
of the objects being displayed. Ray tracing also lends 
itself to parallel processing, because rays can be 
traced independently of one another. VLS! implemen- 
tations may therefore be expected. 
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Surface Detail 


The shading algorithms described to this point all 
produce very smooth and uniform surfaces. In the real 
world, most surfaces have details of color and texture. 
Texture mapping is one of the most common tech- 
niques used to model surface patterns. The patterns 
are mapped onto the object surface or modeled on the 
surface patch itself. Color detail is applied to a smooth 
surface without appearing to change its geometry, 
while texture details give the appearance of roughness. 
Perturbing the surface normal will produce bumpy 
surfaces, brushed copper, and so forth. A wood grain 
or marble surface could also be achieved by applying a 
real-world image to a geometrically defined curved 
surface. 


Although this method works well with smooth surfaces, 
it does not work well with terrains, coastlines, and 
jagged mountains, which require a fractal surface 
method. Hidden surfaces are removed, and an appro- 
priate shading model applied. 


Procedural definitions of textures, light sources, vol- 
umes, and atmospheres are collectively called “shad- 
ers.” There are predefined lighting shaders for ambient, 
distant and point light sources, as well as for spotlights. 
Atmosphere shaders include depth cue and fog. Vol- 
ume shaders describe volumes through which light 
passes and is refracted and attenuated. Atmosphere 
shaders are based on the principle that light is attenu- 
ated over distance, be it through clear or foggy air, and 
that such attenuation gives the eye a cue to spatial 
relationships. The syntax of these predefined shaders 
can be used to define custom shaders of all kinds. 
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Device/Package Cross-Reference 

















Part Number Ordering Designation Package Page 
MC-434000 32-Pin Ceramic DIP (600-mil) 43 
E 32-Pin Plastic (FR-4) DIP (600-mil) 44 
uPB100422 B 24-Pin Ceramic Flatpack 29 
D 24-Pin Ceramic DIP (400-mil) 25 
ptPB100470 D 18-Pin Cerdip (300-mil) 17 
uPB100474 B 24-Pin Ceramic Flatpack 29 
D 24-Pin Ceramic DIP (400-mil) 25 
K 24-Pin Ceramic LCC 28 
UPB100474A BH 24-Pin Ceramic Flatpack 29 
D 24-Pin Cerdip (400-mil) #2 25 
uUPB100474E DH 24-Pin Cerdip (400-mil) #1 24 
BH 24-Pin Ceramic Flatpack 29 
§uPB1I00476LL DH 28-Pin Cerdip (400-mil) #2 36 
BH 28-Pin Ceramic Flatpack 37 
uUPB100480 B 20-Pin Ceramic Fiatpack 20 
D 20-Pin Cerdip (300-mil) 19 
puPBi00484 B 28-Pin Ceramic Flatpack 37 
D 28-Pin Cerdip (400-mil) #1 35 
UPB100484A B 28-Pin Ceramic Flatpack 37 
D 28-Pin Cerdip (400-mil) #1 35 
UPB1I00A484 B 28-Pin Ceramic Flatpack 37 
D 28-Pin Cerdip (400-mil) #1 35 
uPB10422 D 24-Pin Ceramic DIP (400-mil) 25 
uPB10470 D 18-Pin Cerdip (300-mil) 17 
uPB10474 D 24-Pin Cerdip (400-mil) #2 25 
UPBI0474A D 24-Pin Cerdip (400-mil) #2 25 
MPB10474E DH 24-Pin Cerdip (400-mil) #1 24 
BH 24-Pin Ceramic Flatpack 29 
UPBI0476LL DH 28-Pin Cerdip (400-mil) #2 36 
BH 28-Pin Ceramic Flatpack 37 
uUPB10480 B 20-Pin Ceramic Flatpack 20 
D 20-Pin Cerdip (800-mil) 19 
uUPB10484 B 28-Pin Ceramic Flatpack 37 
D 28-Pin Cerdip (400-mil) #1 35 
UPBIO484A B 28-Pin Ceramic Flatpack 37 
D 28-Pin Cerdip (400-mil) #1 35 
UPBIOA484 BH 28-Pin Ceramic Flatpack 37 
D 28-Pin Cerdip (400-mil) #1 35 
uPDI0O0500 D 24-Pin Cerdip (800-mil) 24 
uPD10500 D 24-Pin Cerdip (300-mil) 24 
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Device/Package Cross-Reference (cont) 


Part Number 
puPD28C04 


uPD28C05 


uPD28C256 


yPD28C64 


yPD41256 


yPD41264 


uPD41 464 


uPD421000 


uPD42101 


yPD42102 


uPD42116162 
uPD42116182 
yPD42116420 
pPD42116820 
uPD42116920 
pPD4216100 


uPD4216101 


uPD4216102 


Ordering Designation 
Cc 
G 


QO | @ 
N 


OTTO} S<1O; OF; O10 


G5 
LE 
G5M 


GS 
LE 
G5M 


G5M 
G5 
LE 


Package 

24-Pin Plastic DIP (600-mil) 

24-Pin Plastic SOP (Miniflat) (450-mil) 
24-Pin Plastic DIP (600-mil) 

24-Pin Plastic SOP (Miniflat) (450-mil) 
28-Pin Plastic DIP (600-mil) 

28-Pin Plastic DIP (600-mil) 

16-Pin Plastic DIP (3800-mil) 

18-Pin Plastic Leaded Chip Carrier 
24-Pin Plastic DIP (400-mil) 

24-Pin Plastic ZIP (350-mil) 

18-Pin Plastic DIP (800-mil) #1 

18-Pin Plastic Leaded Chip Carrier 
18-Pin Plastic DIP (800-mil) #2 
24/20-Pin Plastic TSOP | 

26/20-Pin Plastic SOJ (300-mil)} 
20-Pin Plastic ZIP (850-mil) 

24-Pin Plastic DIP (800-mil) #2 
24-Pin Plastic SOP (Miniflat) (450-mil) 
24-Pin Plastic DIP (800-mil) #2 
24-Pin Plastic SOP (Miniflat) (450-mil) 
50-Pin Plastic TSOP I] (400-mil) 
50-Pin Plastic TSOP Il (400-mil) 
44-Pin Plastic TSOP II (400-mil) #2 
44-Pin Plastic TSOP Il (400-mil) #2 
44-Pin Plastic TSOP Il (400-mil) #2 
28/24-Pin Plastic TSOP Il (400-mil) 
28/24-Pin Plastic SOJ (400-mil) 
28/24-Pin Plastic TSOP II (400-mil) 
24-Pin Plastic ZIP (425-mil) 

28/24-Pin Plastic TSOP Il (400-mil} 
28/24-Pin Plastic SOU (400-mil) 
28/24-Pin Plastic TSOP Il (400-mil) 
24-Pin Plastic ZIP (425-mil) 

24-Pin Plastic ZIP (425-mil) 

28/24-Pin Plastic TSOP Il (400-mil) 
28/24-Pin Plastic TSOP II (400-mil) 
28/24-Pin Plastic SOJ (400-mil) 
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Page 
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Device/Package Cross-Reference (cont) 
PartNumber — Ordering Designation 
pPD4216160 G5 
G5M 
LE 
uPD4216160L G5M 
LE 
G5 
uPD4216180 LE 
G5M 
G5 
uPD4216180L G5 
G5M 
LE 
uUPD4216400 G5M 


G5 
LE 
pPD4216402 GSM 


G5 
LE 
pPD4216410 G5M 


G5 
LE 
yPD4216412 G5M 


G5 
LE 
yPD4216800 G5 
G5M 
LE 
pPD4216800L LE 
G5M 
| G5 
pPD4216802 G5 
LE 
G5M 
uPD4216802L G5 
LE 
G5M 


Package 

50/44-Pin Plastic TSOP II (400-mil) 
50/44-Pin Piastic TSOP Il (400-mil) 
42-Pin Plastic SOJ (400-mil) 
50/44-Pin Plastic TSOP II (400-mil) 
42-Pin Plastic SOJ (400-mil) 
50/44-Pin Plastic TSOP Il (400-mil) 
42-Pin Plastic SOJ (400-mil) 
50/44-Pin Plastic TSOP II (400-mil) 
50/44-Pin Plastic TSOP II (400-mil) 
50/44-Pin Plastic TSOP I! (400-mil) 
50/44-Pin Plastic TSOP II (400-mil) 
42-Pin Plastic SOJ (400-mil) 
28/24-Pin Plastic TSOP ll (400-mil) 
24-Pin Plastic ZIP (425-mil) 
28/24-Pin Plastic TSOP II (400-mil) 
28/24-Pin Plastic SOJ (400-mil) 
28/24-Pin Plastic TSOP Il (400-mil) 
24-Pin Plastic ZIP (425-mil) 
28/24-Pin Plastic TSOP Il (400-mil) 
28/24-Pin Plastic SOJ (400-mil) 
28/24-Pin Plastic TSOP II (400-mil) 
24-Pin Plastic ZIP (425-mil) 
28/24-Pin Plastic TSOP Il (400-mil) 
28/24-Pin Plastic SOJ (400-mil) 
28/24-Pin Plastic TSOP II (400-mil) 
24-Pin Plastic ZIP (425-mil) 
28/24-Pin Plastic TSOP Il (400-mil) 
28/24-Pin Plastic SOJ (400-mil) 
28-Pin Plastic TSOP II (400-mil) 
28-Pin Plastic TSOP Il (400-mil) 
28-Pin Plastic SOJ (400-mil) 
28-Pin Plastic SOJ (400-mil) 
28-Pin Plastic TSOP Il (400-mil) 
28-Pin Plastic TSOP Il (400-mil) 
28-Pin Plastic TSOP II (400-mil) 
28-Pin Plastic SOJ (400-mil) 
28-Pin Plastic TSOP I! (400-mil) 
28-Pin Plastic TSOP II (400-mil) 
28-Pin Plastic SOJ (400-mil) 
28-Pin Plastic TSOP II (400-mil) 
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Page 
56 
56 
51 
56 
51 
56 
51 
56 
56 
56 
56 
51 
39 
28 
39 
38 
39 
28 
39 
338 
39 
28 
39 
38 
39 
28 
39 
38 
39 
39 
38 
38 
39 
39 
39 
38 
39 
39 
38 
39 
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Device/Package Cross-Reference (cont) 


Part Number 
UPD4216900 


uUPD4216900L 


yPD4216902 


uPD4216902L 


uPD4217100 


uPD4217101 


uPD4217102 


uUPD4217160 


uMPD4217160L 


pPD4217180 


uPD4217180L 


uPD4217400 


Ordering Designation 
G5 
G5M 
LE 
G5M 
LE 
G5 
G5 
G5M 
LE 
G5 
G5M 
LE 
G5 
LE 

V 
G5M 
G5 
LE 

V 
G5M 


G5M 
LE 
Gs 
Gs 
LE 
G5M 
G5M 
LE 
G5 
LE 
G5M 
Gs 
G5 
LE 
G5M 


G5M 
LE 
Gs 


Package 

32-Pin Plastic TSOP Il (400-mil) 
32-Pin Plastic TSOP Il (400-mil) 
32-Pin Plastic SOJ (400-mil) #2 
32-Pin Plastic TSOP II (400-mil) 


- 32-Pin Plastic SOJ (400-mil) #2 


32-Pin Plastic TSOP Il (400-mil) 
32-Pin Plastic TSOP II (400-mil) 
32-Pin Plastic TSOP Il (400-mil) 
32-Pin Plastic SOJ (400-mil) #2 
32-Pin Plastic TSOP Il (400-mil) 
32-Pin Plastic TSOP Il (400-mil) 
32-Pin Plastic SOJ (400-mil) #2 
28/24-Pin Plastic TSOP II (400-mil) 
28/24-Pin Plastic SOJ (400-mil) 
24-Pin Plastic ZIP (425-mil) 
28/24-Pin Plastic TSOP tI (400-mil) 
28/24-Pin Plastic TSOP II (400-mil) 
28/24-Pin Plastic SOJ (400-mil) 
24-Pin Plastic ZIP (425-mil) 
28/24-Pin Plastic TSOP II (400-mil) 
24-Pin Plastic ZIP (425-mil) 
28/24-Pin Plastic TSOP 11 (400-mil) 
28/24-Pin Plastic SOJ (400-mil) 
28/24-Pin Plastic TSOP It (400-mil) 
50/44-Pin Plastic TSOP Il (400-mil) 
42-Pin Plastic SOJ (400-mil) 
50/44-Pin Plastic TSOP II (400-mil) 
50/44-Pin Plastic TSOP II (400-mil} 
42-Pin Plastic SOJ (400-mil) 
50/44-Pin Plastic TSOP 1! (400-mil) 
42-Pin Plastic SOJ (400-mil) 
50/44-Pin Plastic TSOP II (400-mil) 
50/44-Pin Plastic TSOP II (400-mil) 
50/44-Pin Plastic TSOP Il (400-mil) 
42-Pin Plastic SOJ (400-mil) 
50/44-Pin Plastic TSOP I! (400-mil) 
24-Pin Plastic ZIP (425-mil) 
28/24-Pin Plastic TSOP II (400-mil) 
28/24-Pin Plastic SOJ (400-mil) 
28/24-Pin Plastic TSOP II (400-mil) 


Page 
47 
47 
45 
47 
45 
47 
47 
47 
45 
47 
47 
45 
39 
38 
28 
39 
» 39 
38 
28 
39 
28 
39 
38 
39 
56 
51 
56 
56 
51 
56 
51 
56 


56 
51 
56 
28 
39 
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Device/Package Cross-Reference (cont) 
Part Number Ordering Designation ~ Package .. Page 
uPD4217402 V : 24-Pin Plastic ZIP (425-mil) 28° 








G5M 28/24-Pin Plastic TSOP ll (400-mil) 39 
LE 28/24-Pin Plastic SOJ (400-mil) 38 
G5 28/24-Pin Plastic TSOP II (400-mil) 39 
uPD4217410 Vv 24-Pin Plastic ZIP (425-mil) 28 
G5M 28/24-Pin Plastic TSOP Il (400-mil) 39 
LE 28/24-Pin Plastic SOJ (400-mil) . 38 
G5 28/24-Pin Plastic TSOP It (400-mil) 39 
uPD4217412 V 24-Pin Plastic ZIP (425-mil) 28 
G5M 28/24-Pin Plastic TSOP II (400-mil) -. 39 
LE : 28/24-Pin Plastic SOJ (400-mil) 38 
G5 28/24-Pin Plastic TSOP Il (400-mil) 39 

uPD4217800 G5 28-Pin Plastic TSOP il (400-mil) 39 
LE 28-Pin Plastic SOJ (400-mil) 38 
G5M 28-Pin Plastic TSOP Il (400-mil) 39 
uPD4217800L G5M 28-Pin Plastic TSOP Il (400-mil) 39 
LE 28-Pin Plastic SOJ (400-mil) 38 
G5 28-Pin Plastic TSOP II (400-mil) 39 
uPD4217802 LE 28-Pin Plastic SOJ (400-mil) 38 
G5M 28-Pin Plastic TSOP Il (400-mil) 39 
G5 28-Pin Plastic TSOP II (400-mil) 39 
pPD4217802L LE 28-Pin Plastic SOJ (400-mil) 38 
| G5M ; 28-Pin Plastic TSOP II (400-mil) 39 
G5 28-Pin Plastic TSOP {1 (400-mil) 39 
uPD4217900 G5 32-Pin Plastic TSOP Il (400-mil) 47 
| LE 32-Pin Plastic SOU (400-mil) #2 45 
G5M 32-Pin Plastic TSOP Il (400-mil) 47 
uUPD4217900L G5M 32-Pin Plastic TSOP Il (400-mil) 47 
LE 32-Pin Plastic SOJ (400-mil) #2 So. 45 
G5 ‘. 82-Pin Plastic TSOP Il (400-mil) 47 
uPD4217902 G5M 32-Pin Plastic TSOP Il (400-mil) 47 
LE ..32-Pin Plastic SOJ (400-mil) #2 45 
G5 32-Pin Plastic TSOP II (400-mil) 47 
uPD4217902L G5M | 32-Pin Plastic TSOP Il (400-mil) 47 
GS ‘32-Pin Plastic TSOP II (400-mil) 47 
LE ' . 32-Pin Plastic SOJ (400-mil) #2 45 

uPD4218160 G5 ' . §0/44-Pin Plastic TSOP fl (400-mil) 7. 66 
LE = ee 42-Pin Plastic SOJ (400-mil) 51 
G5M  - §0/44-Pin Plastic TSOP Il (400-mil) 56 
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Device/Package Cross-Reference (cont) 


Part Number 
uPD4218160L 


uPD4218180 


uPD4218180L 


yPD42264 


yPD42270 
yPD42271 
yPD42272 
yPD42273 
pPD42274 


uUPD42274-80 


pPD42275 
pPD42280 


pPD424100 


pPD424100A 


pPD424100L 


pPD424101 


Ordering Designation 
G5M 
LE 
G5 
LE 
G5M 
G5 
G5 
LE 
G5M 
Cc 

V 

LA 
Cc 
GF 
GF 
LE 

V 

LE 


LE 
LE 
GU 


GS 
GSM 


LA 
LA 
GS 
GSM 


LA 
GS 
GSM 


Gs 


LA 
GSM 


Package 

50/44-Pin Plastic TSOP II (400-mil) 
42-Pin Plastic SOJ (400-mil)} 
50/44-Pin Plastic TSOP It (400-mil) 
42-Pin Plastic SOJ (400-mil) 
50/44-Pin Plastic TSOP II (400-mil) 
50/44-Pin Plastic TSOP tl (400-mil) 
50/44-Pin Plastic TSOP It (400-mil) 
42-Pin Plastic SOJ (400-mil) 
50/44-Pin Plastic TSOP Il (400-mil) 
24-Pin Plastic DIP (400-mil) 

24-Pin Plastic ZIP (850-mil) 

24-pin Plastic SOJ (300-mil) 
28-Pin Plastic DIP (400-mil) 

64-Pin Plastic QFP 

64-Pin Plastic QFP 

28-Pin Plastic SOJ (400 -mil) 
28-Pin Plastic ZIP (850-mil) 

28-Pin Plastic SOJ (400-mil) 
28-Pin Plastic ZIP (8350-mil) 

28-Pin Plastic ZIP (850-mil) 

28-Pin Plastic SOJ (400-mil) 
40-Pin Plastic SOJ (400-mil) 
28-Pin Plastic SOP (Miniflat) (450-mil) #1 
28-Pin Plastic ZIP (350-mil) 
26/20-Pin Plastic TSOP II (800-mil) 
26/20-Pin Plastic TSOP It (800-mil) 
20-Pin Plastic ZIP (850-mil) 
26/20-Pin Plastic SOJ (800-mil) 
26/20-Pin Plastic SOJ (300-mil) 
26/20-Pin Plastic TSOP I! (800-mil) 
26/20-Pin Plastic TSOP If (800-mil) 
20-Pin Plastic ZIP (850-mil) 
26/20-Pin Plastic SOJ (800-mil) 
26/20-Pin Plastic TSOP II (800-mil) 
26/20-Pin Plastic TSOP II (800-mil) 
20-Pin Plastic ZIP (850-mil) 
26/20-Pin Plastic TSOP I! (800-mil) 
20-Pin Plastic ZIP (350-mil) 
26/20-Pin Plastic SOJ (800-mil) 
26/20-Pin Plastic TSOP I! (800-mil) 
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51 
56 


27 


@/ 8) 8 
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41 
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49 
40 
41 
32 
32 
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Device/Package Cross-Reference (cont) 
Part Number 
uPD424102 LA 
GSM 
Vv 
Gs 
uPD424170A Vv 
G5M 
LE 
G5 
pPD424170L Vv 
G5M 
LE 
G5 
uPD424190A G5 
LE 
Vv 
G5M 
HPD424190L G5 
LE 
Vv 
G5M 
uPD424256 Cc 
LA 
Vv 
GX 
uPD424260A G5 
LE 
Vv 
G5M 
uPD424260L G5 
LE 
Vv 
G5M 
uUPD424263A G5 
LE 
Vv 
G5M 
uPD424263L G5 
LE 
Vv 
G5M 


Ordering Designation 


Package 

26/20-Pin Plastic SOJ (300-mil) 
26/20-Pin Plastic TSOP Il (800-mil) 
20-Pin Plastic ZIP (850-mil) 
26/20-Pin Plastic TSOP Il (800-mil) 
40-Pin Plastic ZIP (400-mil) 
44/40-Pin Plastic TSOP II (300-mil) 
40-Pin Plastic SOJ (400-mil) 
44/40-Pin Plastic TSOP I! (800-mil) 
40-Pin Plastic ZIP (400-mil) 
44/40-Pin Plastic TSOP Il (800-mil) 
40-Pin Plastic SOJ (400-mil) 
44/40-Pin Plastic TSOP II (800-mil) 
44/40-Pin Plastic TSOP Il (800-mil) 
40-Pin Plastic SOJ (400-mil) 
40-Pin Plastic ZIP (400-mil) 
44/40-Pin Plastic TSOP I! (800-mil) 
44/40-Pin Plastic TSOP Il (800-mil) 
40-Pin Plastic SOJ (400-mil) 
40-Pin Plastic ZIP (400- il) 
44/40-Pin Plastic TSOP Il (800-mil) 
20-Pin Plastic DIP (300-mil) 
26/20-Pin Plastic SOJ (300-mil) 
20-Pin Plastic ZIP (850-mil) 
24/20-Pin Plastic TSOP | 

44/40-Pin Plastic TSOP II (800-mil) 
40-Pin Plastic SOJ (400-mil) 
40-Pin Plastic ZIP (400-mil) 
44/40-Pin Plastic TSOP I} (8300-mil) 
44/40-Pin Plastic TSOP Il (800-mil) 
40-Pin Plastic SOJ (400-mil) 
40-Pin Plastic ZIP (400-mil) 
44/40-Pin Plastic TSOP Il (800-mil) 
44/40-Pin Plastic TSOP li (800-mil) 
40-Pin Plastic SOJ (400-mil) 
40-Pin Plastic ZIP (400-mil) 
44/40-Pin Plastic TSOP I] (800-mil) 
44/40-Pin Plastic TSOP ll (800-mil) 
40-Pin Plastic SOJ (400-mil) 
40-Pin Plastic ZIP (400-mil) 
44/40-Pin Plastic TSOP II (800-mil) 


Package Drawings 


Page 
» 30 
32 
19 
32 
50 
52 
49 
52 
50 
52 
49 
52 
52 
49 
50 
52 
52 
49 
50 
52 
18 
30 


26 
52 
49 
50 
52 
52 
49 
50 
52 
52 
49 
50 
52 
52 
49 
50 
52 











Package Drawings 





Device/Package Cross-Reference (cont) as ee ee, 
Part Number Ordering Designation '- - Package apt, 2 ee : Page 























UPD424280A V -40-Pin Plastic ZIP (400-mil) ‘60. ° 
se GM... 44/40-Pin Plastic TSOP Il (300-mil) 52 
LE 40-Pin Plastic SOJ (400-mil) 49 
G5 wes 44/40-Pin Plastic TSOP II (300-mil) 52 
uPD424280L V 40-Pin Plastic ZIP (400-mil) 50 
G5M ' . 44/40-Pin Plastic TSOP Il (800-mil) 52 
LE 40-Pin Plastic SOJ (400-mil) 49 
Gs - 44/40-Pin Piastic TSOP Il (800-mil) 52 
uPD424400 GSM .- .26/20-Pin Plastic TSOP II (800-mil) 32 
Vv “ : 20-Pin Plastic ZIP (850-mil) 19 
LA +. 26/20-Pin Plastic SOJ (300-mil) : 30 
GS 26/20-Pin Plastic TSOP II (800-mil) 32 
uUPD424400A GSM 26/20-Pin Plastic TSOP Il (800-mil) 32 
GS 26/20-Pin Plastic TSOP Il (300-mil) 32 
Vv 20-Pin Plastic ZIP (350-mil) 19 
LA 26/20-Pin Plastic SOJ (800-mil) 30 
uPD424400L GSM i 26/20-Pin Plastic TSOP I! (800-mil) “82 
Gs . 26/20-Pin Plastic TSOP 1 (800-mil) 32 
Vv —_ ~- 20-Pin Plastic ZIP (850-mil) 19 
LA  * - 26/20-Pin Plastic SOJ (300-mil) 30 
uPD424402 V. 20-Pin Plastic ZIP (850-mil) 19 
| LA : 26/20-Pin Plastic SOJ (300-mil) 30 
GSM 26/20-Pin Plastic TSOP Ii (800-mil!) 32 
Gs 26/20-Pin Plastic TSOP Il (800-mil) 32 
uPD424410 V 20-Pin Plastic ZIP (850-mil) . 19 
LB 26/20-Pin Plastic SOJ (850-mil) as 30 
LA a3 26/20-Pin Plastic SOJ (800-mil) . 30 
Gs 26/20-Pin Piastic TSOP II (800-mil) 32 
uPD424412 LA 26/20-Pin Plastic SOJ (800-mil) ns! 30 
V 20-Pin Plastic ZIP (850-mil) 7 19 
GS 26/20-Pin Plastic TSOP Il (800-mil) 32 
uPD424440 LE ee - 26/24-Pin Plastic SOJ (850-mil) 31 
uPD424440L LE. hee trey a 26/24-Pin Plastic SOJ (850-mil) : - 31 
uPD424800A G5 oO HIE 28-Pin Plastic TSOP Il (400-mil) : 39 
LE . wo 5%. 28-Pin Plastic SOJ (400-mil) 38 
V ce . . 28-Pin Plastic ZIP (850-mil) aa 41 
: G5M aos : 28-Pin Plastic TSOP Il (400-mil) x - . 39 
"ss. pPD424800L @s ; 28-Pin Plastic TSOP II (400-mil) 39 
LE . » 28-Pin Plastic SOJ (400-mil) 38 
Vv - . 28-Pin Plastic ZIP (850-mil) 41 
G5M 28-Pin Plastic TSOP Il (400-mil) 39 





[e*) 


NEC 


Package Drawings 





Device/Package Cross-Reference (cont) 











Part Number Ordering Designation Package Page 
uUPD424810A LE 28-Pin Plastic SOJ (400-mil) 38 
G5 28-Pin Plastic TSOP Il (400-mil) 39 
G5M ' 28-Pin Plastic TSOP II (400-mil) 39 
V 28-Pin Plastic ZIP (350-mil) 41 
UPD424810L LE 28-Pin Plastic SOJ (400-mil) 38 
G5 28-Pin Plastic TSOP It (400-mil) 39 
G5M 28-Pin Plastic TSOP I! (400-mil) 39 
Vv 28-Pin Plastic ZIP (850-mil) a 
UPD424900A G5 28-Pin Plastic TSOP II (400-mil) 39 
LE 28-Pin Plastic SOJ (400-mil) 38 
V 28-Pin Plastic ZIP (850-mil) 41 
G5M 28-Pin Plastic TSOP Il (400-mil) 39 
puPD424900L G5 28-Pin Plastic TSOP Il (400-mil) 39 
LE 28-Pin Plastic SOJ (400-mil) 38 
V 28-Pin Plastic ZIP (350-mil) 41 
G5M 28-Pin Plastic TSOP Il (400-mil) 39 
uPD42505 Cc 24-Pin Plastic DIP (300-mil) #2 21 
V  28-Pin Plastic ZIP (850-mil) 41 
uPD42532 40-Pin Plastic DIP (600-mil) 49 
uPD42601 V 20-Pin Plastic ZIP (850-mil) 19 
LA 26/20-Pin Plastic SOJ (300-mil) 30 
uPD42641 GS 26/20-Pin Plastic TSOP Il (800-mil) 32 
LA 26/20-Pin Plastic SOJ (300-mil) 30 
GSM 26/20-Pin Plastic TSOP II (800-mil) 32 
uPD42644 LA 26/20-Pin Plastic SOJ (300-mil) 30 
GSM 26/20-Pin Plastic TSOP II (800-mil) 32 
GS 26/20-Pin Plastic TSOP II (800-mil) 32 
uPD42S16160 G5 50/44-Pin Plastic TSOP II (400-mil) 56 
G5M 50/44-Pin Plastic TSOP II (400-mil) 56 
LE 42-Pin Plastic SOJ (400-mil) 51 
UPD42S16160L LE 42-Pin Plastic SOJ (400-mil) 51 
GSM 50/44-Pin Plastic TSOP I! (400-mil) 56 
G5 50/44-Pin Plastic TSOP II (400-mil) 56 
uPD42S16180 G5M 50/44-Pin Plastic TSOP II (400-mil) 56 
G5 50/44-Pin Plastic TSOP II (400-mil) 56 
LE 42-Pin Plastic SOJ (400-mil) 51 
uPD42S16180L G5M 50/44-Pin Plastic TSOP II (400-mil) 56 
G5 50/44-Pin Plastic TSOP II (400-mil) 56 
LE 42-Pin Plastic SOJ (400-mil) 51 





© 
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Device/Package Cross-Reference (cont) 
Part Number Ordering Designation Package ' . Page 
uPD42816800 G5 28-Pin Plastic TSOP II (400-mil) . 39 








G5M 28-Pin Plastic TSOP I (400-mil) 39 
LE 28-Pin Plastic SOJ (400-mil) 38 
uUPD42S16800L LE 28-Pin Plastic SOJ (400-mil) 38 
G5M 28-Pin Plastic TSOP II (400-mil) 39 
G5 28-Pin Plastic TSOP II (400-mil) 39 
uUPD42S16802 G5 28-Pin Plastic TSOP II (400-mil) 39 
G5M 28-Pin Plastic TSOP II (400-mil) 39 
LE 28-Pin Plastic SOU (400-mil) 38 
uUPD42S16802L G5 28-Pin Plastic TSOP I} (400-mil) 39 
G5M 28-Pin Plastic TSOP Il (400-mil) 39 
LE 28-Pin Plastic SOJ (400-mil) 38 
puPD42S16900 G5 32-Pin Plastic TSOP Il (400-mil) 47 
G5M 32-Pin Plastic TSOP Il (400-mil) 47 
LE .32-Pin Plastic SOJ (400-mil) #2 45 
uUPD42S816900L LE 32-Pin Plastic SOJ (400-mil) #2 45 
G5M 32-Pin Plastic TSOP It (400-mil) 47 
G5 32-Pin Plastic TSOP Il (400-mil) 47 
yPD42816902 G5 32-Pin Plastic TSOP Il (400-mil) . 47 
LE ; 32-Pin Plastic SOJ (400-mil) #2 45 
G5M 32-Pin Plastic TSOP It (400-mil) 47 
pPD42816902L Gs 32-Pin Plastic TSOP II (400-mil) 47 
LE 32-Pin Plastic SOU (400-mil) #2 45 
G5M 32-Pin Plastic TSOP Il (400-mil) 47 
uPD42S17160 G5 50/44-Pin Plastic TSOP I (400-mil) 56 
G5M 50/44-Pin Plastic TSOP Il (400-mil) 56 
LE 42-Pin Plastic SOJ (400-mil) 51 
uUPD42S17160L LE ; : 42-Pin Plastic SOJ (400-mil) 51 
G5M 50/44-Pin Plastic TSOP Il (400-mil) 56 
G5 50/44-Pin Plastic TSOP Il (400-mil) 56 
UPD42S17180 GSM 50/44-Pin Plastic TSOP Il (400-mil) 56 
G5 50/44-Pin Plastic TSOP Il (400-mil) . - 56 
LE  42-Pin Plastic SOJ (400-mil) 51 
pPD42S17180L GSM 50/44-Pin Plastic TSOP Il (400-mil) 56 
G5 50/44-Pin Plastic TSOP Il (400-mil) . 56 
LE a 42-Pin Plastic SOJ (400-mil) 51 
uPD42S17800 G5 . 28-Pin Plastic TSOP Il (400-mil) 39 
G5M 28-Pin Plastic TSOP Il (400-mil) 39 
LE *  - 28-Pin Plastic SOJ (400-mil) 38 





NEC 


Device/Package Cross-Reference (cont) 
Part Number 
uPD42S17800L LE 
G5M 
G5 
uPD42S17802 G5M 
LE 
G5 
uPD42S17802L LE 
GSM 
GS 
uPD42S17900 G5 
LE 
G5M 
uPD42S17900L LE 
G5M 
G5 
uPD42S817902 LE 
G5M 
G5 
uPD42S17902L G5M 
LE 
G5 
pPD42S818160 G5 
LE 
GSM 
uPD42S18160L LE 
G5 
G5M 
uPD42S 18180 G5M 
G5 
LE 
uUPD42S18180L LE 
G5 
G5M 
uPD42S4100A LA 


Ordering Designation 


GS 
GSM 
uUPD42S4100L LA 


GS 
GSM 


Package 

28-Pin Plastic SOJ (400-mil) 
28-Pin Plastic TSOP Il (400-mil) 
28-Pin Plastic TSOP Il (400-mil) 
28-Pin Plastic TSOP Il (400-mil) 
28-Pin Plastic SOJ (400-mil) 
28-Pin Plastic TSOP Il (400-mil) 
28-Pin Plastic SOJ (400-mil) 
28-Pin Plastic TSOP Il (400-mil) 
28-Pin Plastic TSOP Il (400-mil) 
32-Pin Plastic TSOP Il (400-mil) 
32-Pin Plastic SOJ (400-mil) #2 
32-Pin Plastic TSOP II (400-mil) 
32-Pin Plastic SOJ (400-mil) #2 
32-Pin Plastic TSOP Il (400-mil) 
32-Pin Plastic TSOP Il (400-mil) 
32-Pin Plastic SOJ (400-mil) #2 
32-Pin Plastic TSOP II (400-mil) 
32-Pin Plastic TSOP Il (400-mil) 
32-Pin Plastic TSOP I! (400-mil) 
32-Pin Plastic SOJ (400-mil). #2 
32-Pin Plastic TSOP II (400-mil) 
50/44-Pin Plastic TSOP Il (400-mil) 
42-Pin Plastic SOJ (400-mil) 
50/44-Pin Plastic TSOP II (400-mil) 
42-Pin Plastic SOJ (400-mil) 
50/44-Pin Plastic TSOP Il (400-mil) 
50/44-Pin Plastic TSOP Ii (400-mil) 
50/44-Pin Plastic TSOP II (400-mil) 
50/44-Pin Plastic TSOP II (400-mil) 
42-Pin Plastic SOJ (400-mil) 
42-Pin Plastic SOJ (400-mil) 
50/44-Pin Plastic TSOP I! (400-mil) 
50/44-Pin Plastic TSOP I! (400-mil) 
26/20-Pin Plastic SOJ (800-mil) 
20-Pin Plastic ZIP (850-mil) 
26/20-Pin Plastic TSOP li (800-mil) 
26/20-Pin Plastic TSOP Il (300-mil) 
26/20-Pin Plastic SOJ (300-mil) 
20-Pin Plastic ZIP (850-mil) 
26/20-Pin Plastic TSOP Il (300-mil) 
26/20-Pin Plastic TSOP i! (800-mil) 


Package Drawings 


Page 
38 
39 
39 
39 
38 
39 
38 
39 
39 
47 
45 
47 
45 
47 
47 
45 
47 
47 
47 
45 
47 
56 
51 
56 
51 
56 
56 
56 
56 
51 
51 
56 
56 
30 
19 
32 
32 
30 
19 
32 
32 
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Package Drawings 


Device/Package Cross-Reference (cont) 
Part Number Ordering Designation 
uUPD42S4170A V 

G5 

G5M 

LE 
uPD42S84170L v 

G5 

G5M 

LE 
UPD42S4190A G5 

G5M 

LE 

V 
UPD42S4190L G5 


uPD4284260A Gs 


MPD42S4260L G5 


pPD42S4263A G5 


pPD42842631. G5 


uPD4284280A Vv 


~ uPD4284280L Vv 


Package 

40-Pin Plastic ZIP (400-mil) 
44/40-Pin Plastic TSOP Il (300-mil) 
44/40 -Pin Plastic TSOP II (800-mil) 
40-Pin Plastic SOJ (400-mil) 
40-Pin Plastic ZIP (400-mil) 
44/40-Pin Plastic TSOP II (800-mil) 
44/40-Pin Plastic TSOP Il (800-mil) 
40-Pin Plastic SOJ (400-mil) 
44/40-Pin Plastic TSOP I! (300-mil) 
44/40-Pin Plastic TSOP Il (800-mil) 
40-Pin Plastic SOJ (400-mil) 
40-Pin Plastic ZIP (400-mil) 
44/40-Pin Plastic TSOP II (800-mil) 
44/40-Pin Plastic TSOP Il (800-mil) 
40-Pin Plastic SOU (400-mil) 
40-Pin Plastic ZIP (400-mil) 
44/40-Pin Plastic TSOP Il (800-mil) 
44/40-Pin Plastic TSOP Il (800-mil) 
40-Pin Plastic SOJ (400-mil) 
40-Pin Plastic ZIP (400-mil) 
44/40-Pin Plastic TSOP Il (800-mil) 
44/40 -Pin Plastic TSOP II (800-mil) 
40-Pin Plastic SOJ (400-mil) 
40-Pin Plastic ZIP (400-mil) 
44/40-Pin Plastic TSOP Il (800-mil) 
44/40-Pin Plastic TSOP I! (800-mil) 
40-Pin Plastic SOJ (400-mil} 
40-Pin Plastic ZIP (400-mil) 
44/40-Pin Plastic TSOP II (800-mil) 
44/40-Pin Plastic TSOP II (800-mil) 
40-Pin Plastic SOJ (400-mil) 
40-Pin Plastic ZIP (400-mil) 
40-Pin Plastic ZIP (400-mil) 
44/40-Pin Plastic TSOP !! (800-mil) 
44/40-Pin Plastic TSOP I! (800-mil) 
40-Pin Plastic SOJ (400-mil) 
40-Pin Plastic ZIP (400-mil) 
44/40-Pin Plastic TSOP Il (800-mil) 
44/40-Pin Plastic TSOP I! (800-mil) 
40-Pin Plastic SOJ (400-mil) 


BRIS Si V 


NV. KE C Package Drawings 


Device/Package Cross-Reference (cont) 
Part Number Ordering Designation Package . 8 ; Page 








UPD42S4400A GSM ‘ 26/20-Pin Plastic TSOP I! (800-mil) 32 
LA 26/20-Pin Plastic SOJ (800-mil) 30° 

V 20-Pin Plastic ZIP (350-mil) 19 

GS 26/20-Pin Plastic TSOP II (300-mil) . 82 

uPD42S4400L GSM 26/20-Pin Plastic TSOP II (300-mil) 32 
LA 26/20-Pin Plastic SOJ (300 -mil) ; 30- 

V ' 20-Pin Plastic ZIP (850-mil) 19 

Gs 26/20-Pin Plastic TSOP I! (800-mil) 32 

HPD4284440 LE : 26/24-Pin Plastic SOJ (850-mil) 31 

uPD42S4440L LE 26/24-Pin Plastic SOJ (850-mil) .. 31 
UPD42S4800A G5 28-Pin Plastic TSOP Il (400-mil) 39 
G5M 28-Pin Plastic TSOP li (400-mil) 39 

LE : 28-Pin Plastic SOJ (400-mil) 38 

V 28-Pin Plastic ZIP (350-mil) 4 

puPD42S4800L G5 : 28-Pin Plastic TSOP Il (400-mil) 39 
G5M 28-Pin Plastic TSOP Il (400-mil) 39 

LE 28-Pin Plastic SOJ (400-mil) 38 

V 28-Pin Plastic ZIP (350-mil) . 44 

uPD42S4810A LE z -  28-Pin Plastic SOJ (400-mil) 38 

Vv . 28-Pin Plastic ZIP (850-mil) 41 

G5 - 28-Pin Plastic TSOP Il (400-mil) . ~ 39 

G5M . 28-Pin Plastic TSOP II (400-mil) .. 39 
puPD42S4810L LE 28-Pin Plastic SOJ (400-mil) 38 

V Py 28-Pin Plastic ZIP (850-mil) 4 

G5 - 28-Pin Plastic TSOP Il (400-mil) 39 

G5M 28-Pin Plastic TSOP Il (400-mil) 39 

uPD42S4900A G5 j .- 28-Pin Plastic TSOP Il (400-mil) 39 
G5M - 28-Pin Plastic TSOP I! (400-mil) - - 39 

LE 28-Pin Plastic SOJ (400-mil) ; 38 

V 28-Pin Plastic ZIP (350-mil) 4 

uPD42S4900L G5 28-Pin Plastic TSOP Il (400-mil) ‘39 
G5M -28-Pin Plastic TSOP Il (400-mil) 39 

LE 28-Pin Plastic SOJ (400-mil) 38 

V '  28-Pin Plastic ZIP (850-mil) 41 

UPD431000A GZM 32-Pin Plastic TSOP | #1 46 
CZ ' 32-Pin Plastic DIP (600-mil) 43 

GW 32-Pin Plastic SOP (Miniflat) (525-mil) 47. 

GZ ' .. 32-Pin Plastic TSOP | #1 46 

HPD431001 LE 28-Pin Plastic SOJ (400-mil) 38 
uPD431004 LE 28-Pin Plastic SOJ (400-mil) "38 
uPD431008 LE 32-Pin Plastic SOJ (400-mil) #1 : 45 
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Package Drawings 





Device/Package Cross-Reference (cont) 


Part Number 
uPD431009 
uPD431016 
uPD431018 
uPD43251B 
uUPD43253B 


yPD43254B 


UPD43256A 


uPD43256B 
yPD43258A 
pPD43259A 


uPD434000 


yPD434001 
uPD434004 
uPD434008 
yPD4361B 
yPD4362B 
uPD4363B 
_uPD4368 
yPD4369 
uPD46710A 


uPD46741A 
uPD481440 


14 


Ordering Designation 


Package 

36-Pin Plastic SOJ (400-mil) 

44-Pin Plastic SOJ (400-mil) 

44-Pin Plastic TSOP Il (400-mil) #3 
44-Pin Plastic TSOP il (400-mil) #3 
44-Pin Plastic SOJ (400-mil) 

24-Pin Plastic SOJ (300 -mil) 

24-Pin Plastic DIP (800-mil) #1 

28-Pin Plastic SOJ (300-mil) 

28-Pin Plastic DIP (800-mil) #2 
24-Pin Plastic SOJ (300-mil) 

24-Pin Plastic DIP (800-mil) #1 
28-Pin Plastic SOP (Miniflat) (450-mil) #2 
28-Pin Plastic DIP (600-mil) 

32-Pin Plastic TSOP | #2 

32-Pin Plastic TSOP | #2 

28-Pin Plastic SOP (Miniflat) (450-mil) #2 
28-Pin Plastic DIP (600-mil) 

28-Pin Plastic SOJ (300-mil) 

28-Pin Plastic DIP (800-mil) #2 
32-Pin Plastic DIP (800-mil) 

32-Pin Plastic SOJ (300-mil) 

32-Pin Plastic DIP (600-mil) 

32-Pin Plastic SOP (Miniflat) (625-mil) 
32-Pin Plastic TSOP II (400-mil) 
32-Pin Plastic TSOP Il (400-mil) 
32-Pin Plastic SOJ (400-mil) #1 
32-Pin Plastic SOJ (400-mil) #1 


' 36-Pin Plastic SOJ (400-mil) 


22-Pin Plastic DIP (300-mil) 
24-Pin Plastic SOJ (300-mil) 
24-Pin Plastic SOU (300-mil) 
22-Pin Plastic DIP (300-mil) 
24-Pin Plastic DIP (300-mil) #1 
24-Pin Plastic SOJ (800 -mil) 
28-Pin Plastic DIP (800-mil) #2 
28-Pin Plastic SOJ (300-mil} 
28-Pin Plastic DIP (800-mil) #1 


» 28-Pin Plastic SOJ (300-mil) 


52-Pin Plastic LCC 


- 68-Pin Plastic LCC 


40-Pin Plastic SOJ (400-mil) 


N. KE Cc Package Drawings 


Device/Package Cross-Reference (cont) 





Part Number Ordering Designation Package Page 
UPD482234 G5M 44-Pin Plastic TSOP i (400-mil) #1 53 
VF 40-Pin Plastic Shrink ZIP (450-mil) 50 
G5 44-Pin Plastic TSOP Il (400-mil) #1 53 
LE 40-Pin Plastic SOJ (400-mil) = 49 
uUPD482235 G5M 44-Pin Plastic TSOP It (400-mil) #1 53 
VF 40-Pin Plastic Shrink ZIP (450-mil) 50 
G5 44-Pin Plastic TSOP II (400-mil) #1 53 
LE 40-Pin Plastic SOJ (400-mil) 49 
uUPD485505 GU 24-Pin Plastic SOP (Miniflat) (450-mil) 27- 
Vv . 24-Pin Plastic. ZIP (850-mil) 27 
uUPD485506 G5 44-Pin Plastic TSOP Il (400-mil) #1 53 
UPD488130 32-Pin Surface Vertical Package (SVP) , . 48 
uUPD488170 32-Pin Surface Vertical Package (SVP) 48 








Package Drawings 





16-Pin Plastic DIP (300-mil) 


Item Millimetera Inches. 
20.32 max 800 max 
1.27 max | .050 max 
2.54 (TP) 100 (TP) 
0.502010 o20 * O08 

1.2 min 047 min. 

3.2403 — 126 + .012 

0.51 min. 020. min 
4.31 max 170 max 

5.08 max —=_.200 max 

7.62 (TP) - .300 (TP) 

67 264° 


+0.10 + .004 
0.25 9.05 10 ~ ‘003 


0.25 010 
1.0 min .039. min. 


* Item K to center of leads 
when formed parallel. 


viz} = [e [Ale |-|zjo/al o jolal> 


(e] BAS 





49NR-674B (2/90) 


18-Pin Plastic DIP (300-mil) #1 


Item Millimeters Inches 
22.86 max -900 max 
1.27 max .050 max 


2.54 (TP) 100 (TP) 


+ .004 
0.50 + 0.10 020 * = 005 


1.2 min 047 min 

32 203 126 + .012 

0.51 min 020 min 

431 max 170 max ax 

5.08 max 200 max =a 


7.62 (TP) :300 (TP) 
6.7 264 


-|AJel-|zj@l|nl o [O;m|> 


0.25 *000 oro * 0 


0.25 010 
P 1.0 min .039 min 


* Item K to center of leads 
when formed parallel. 


zj=s 
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NV E Cc Package Drawings 


18-Pin Plastic DIP (300-mil) #2 


Millimeters Inches 
22.86 max -900 max 
1.27 max .050 max 
2.54 (TP) -100 (TP) 


+ 004 
060 +0.10 020 * 408 


1.2 min .047 min 
3.2 +03 126 + .012 
0.51 min .020 min 
4.31 max -170 max 
5.08 max -200 max 
7.62 (TP) -300 (TP) 
7.35 289 


025 +002 —.ot0 


0.25 010 


* Item K to center of leads 
when formed parallel. 


+ 004 
- 003 


item 

A 
B 
Cc 
D 
F 
G 
H 
! 
J 

K* 
L 
M 
N 


0-15 ° 





49NR-667B (11/01) 


18-Pin Cerdip (300-mil) 


Inches 

-900 max 
050 max 
-100{TP] 


+ 003 
018 — O02 
.055 min 
-138 +.012 


020 min 
-156 
200 max 
300 
260 


+.002 
010 993 


035 min 
010 
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Package Drawings N: E C 


18-Pin Plastic Leaded Chip Carrier 


Item Millimeters 


13.4 + 0.2 


12.5 
7.4 


8.3 +0.2 


3.71 + 0.15 
0.6 
35 +0.2 


xrIy;O mm] OC lOlo] > 


2.4 +0.2 


0.8 min 
2.6 

1.27 (TP) 
0.7 


0.40 + 0.10 
0.12 
11.68 + 0.20 


0.15 
0.8 rad 


+0.10 
0.20 — 0.05 


1.80 + 0.15 


Si<[c lJAlol vu l2j Se ir [xAlel— 


6.60 + 0.20 





20-Pin Plastic DIP (300-mil) 


Nilllmeters 
25.4 max 
1.27 max 


2.54 (TP) 


1.2 min 
3.2 +0.3 
0.51 min 
4.31 max 
5.08 max 
7.62 (TP) 
7.35 


+0.10 
0.25 _ 0.05 


0.25 
1.0 min 


viz! = ir jAjcj-|zlol(aj o jo|a|> 


* item K to center of leads 


when formed parallel. 


18 


0.50 +0.10 | 


inches 
1.000 max 
.050 max 
.100 (TP) 


+ .004 
020 _ ‘005 


.047 min 
126 + .012 
.020 min 
-170 max 
.200 max 
-300_(TP) 
289 


+ .004 
010 ~ 993 


010 
.039 min 


hh 


le 





4ONR511B (11/91) 


NEC 


20-Pin Cerdip (300-mil) 


Item 


D 
F 
G 
H 
t 

J 

K 


wiz) 2 Ir 


Millimeters 


25.4 max 
1.27 max 
2.54 

0.46 + 0.05 
1.42 min 
3.50 + 0.30 
0.51 min 
3.95 

5.08 max 
7.62 

7.32 


0.25 + 0.05 


0.89 min 
0.25 


Inches 
1.00 max 
.050 max 
100 
018 + .002 
.055 min 
138 +.012 
.020 min 
156 
200 max 
300 
288 


+.002 
010 ~ 003 


.035 min 
010 


20-Pin Plastic ZIP (350-mil) 


<jis| < |[O| 2 z|xje|-|z]o| » |>|F 


Millimeters 
26.67 max 
0.5 +0.1 
0.25 
2.54 

1.27 

1.27 max 
1.0 min 
8.9 max 
28 +0.2 


10.16 max 


+0.10 
0.25 _ 0.05 
2.54 


3.3 +0.5 


100 
.050 
.050 max 
.039 min 
-350 max 


+ .009 
-110 —.008 
400 max 


+ 004 
010 * ‘003 


-100 
180 + .020 


Package Drawings 








49NR-620B (9/81) 
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Package Drawings N: KE C 


20-Pin Ceramic Flatpack 


Millimeters 


+04 
12.6 794 


+04 
98 * 04 


29.0 

0.6 

0.48 

1.27 

9.6 

0.13 
2.18 max 
1.14 max 


item 
B 
Cc 
D 
G 
H 
J 
K 
M 
P 
T 


ee 
Se 
fezeesesealy |p 
tae ee el 

M oT 


G3IH-5014B (7/80) 





22-Pin Plastic DIP (300-mil) 


Item Millimeters Inches 
27.94 max 1.100 max 
1.27 max 050 max 


2.54 (TP) -100 (TP) 


A 
B 
Cc 
D 050010 020 +008 
F 
a 
H 
J 


1.2 min .047 min 
3.2 +03 126 + .012 
0.51 min .020 min 
4.31 max -170 max 
5.08 max .200 max 


K 7.62 (TP) 300 (TP) 
7.5 289 © 


L 
+0.10 + 004 
M 0.25 - 0.05 010 a. 003 
N 
P 


0.25 .010 
0.9 min .035 min 


* Item K to center of leads 
when formed parallel. 





40NR-614B (10/80) 
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NV. E Cc Package Drawings 


24-Pin Plastic DIP (300-mil) #1 


Millimeters Inches 
30.48 max 1.200 max 
1.27 max .050 max 
2.54 (TP) -100 (TP) 


+ .004 
0.50 +0.10 £020 — 008 


1.1 min .043 min 
3.2 +03 126 + .012 
0.51 min .020 min 
4.31 max -170 max 
5.08 max .200 max 
7.62 (TP) .300 (TP) 
7.35 289 


+0.10 + .004 
0.25." 0.05 010 — 003 


0.25 .010 
0.9 min .035 min 


* {tem K to center of leads 
when formed parallel. 


A 
B 
c 
D 
F 
G 
H 
| 
J 
K* 
L 
M 
N 
P 


[e] G4 @) 





24-Pin Plastic DIP (300-mil) #2 


Millimeters 
33.02 max 
2.54 max 
2.54 (TP) 
0.50 + 0.10 


1.2 min 
3.5 +03 
0.51 min 
4.31 max 
5.08 max 
7.62 (TP) 
6.4 


+0.10 
0.25 ~0.05 


0.25 
1.0 min 


* item K to center of leads 
when formed parallel. 


ZiOln| Oo |O;al|> 


* 


| 
J 
K 


Viz) ]r 


0-15° 





40NR-6198 (11/80) 
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Package Drawings 5 fo 





24-Pin Plastic DIP (400-mil) 


Item Millimeters Inches 
30.48 max 1.200 max 
1.27 max -050 max 
2.54 [TP] 100 [TP] 


+.004 — 
0.50+010 020 7-0R8 














“4.2 min ; ___ 047 min 
3.2+0.3 126 + .012 








0.51 min 020 min 
4.31 max 170 max 7 
5.08 max. -200 max 











10.16 [TP] 








+0.10 
25 _go5. 


0.25 — 








{1] Each lead centerline is located 
within 0.25 mm {.010 inch] of its true 
position [TP] at maximum material 
condition. 
[2] Item “K” to center of leads when 
formed parallel. 
P24C-100-400A1 83-003627B 
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N: KE C Package Drawings 


24-Pin Plastic DIP (600-mil) 


Millimeters Inches 
33.02 max 1.300 max 
2.54 max 100 max 
2.54 (TP) .100 (TP) 


+ 004 
0.50 + 0.10 020 ~ ‘005 


1.2 min .047 min 
3.5 +0.3 -138 + .012 
0.51 min 020 min 
4.31 max -170 max 
5.72 max 226 max 
15.24 (TP) 600 (TP) 
13.2 520 


+0.10 +004 
0.25 +555 —010 * nog 


0.25 010 


* Item K to center of leads 
when formed paraliel. 


Le] 


rq 
3 


A 
B 
Cc 
D 
F 
G 
H 
! 
J 
K* 
L 
M 
N 


LI TY ViiaAiAgii Lm 


is mC) 


49NRA-5928 (6/91) 








Package Drawings 


24-Pin Cerdip (300-mil) 


Millimeters Inches 
33.02 max 1.300 max 





2.54 max -100 max 





2.54 [TP] -100 [TP} 





0.46 + 0.05 018 +.002 





1.42 min .055 min 
3.5 + 0.3 -138 + .012 








0.51 min -020 min 








3.80 -150 
5.08 max -200 max 








7.62 [TP] .300 [TP] 





7.32 288 





+.002 
0.25+0.05 010 “"453 





Vi SF LF LAIS | T(TlOl;/ Vo /o|o 


0.25 010 


P24DH-100-300A 


24-Pin Cerdip (400-mil) #1 


tem _Mlilfimeters Inches 
A 33.02 max 1.3800 max 
2.54 max -100 max 


2.54 (TP) _.100 (TP) 
0.50 + 0.10 : 


1.20 min 
3.5 +0.3 -138 + .012 
0.51 min 020 min 
3.80 -150 
5.08 max 200 max 
10.16 (TP) 400 (TP) 
9.70 082 
0.26 +005 .010 


0.25 010 
0.89 min 035 min 


* Item K to center of leads 
when formed parallel. 


oO;D 


+ 002 
- .003 


ulz| = [-jAjcj-ixzlalni a 


24 





Le] ei» @) 








NV E C Package Drawings 


24-Pin Cerdip (400-mil) #2 








Millimeters Inches 
33.02 max 1.300 max 
2.54 max -100 max 
2.54 [TP] 100 [TP] 


+.004 
0.50 + 0.10 .020 —005 














1.2 min .047 min 
3.5 + 0.3 -138 + .012 
0.51 min .020 min 
3.80 -150 

5.08 max -200 max 
10.16 [TP] -400 [TP] 
9.70 -382 


+.002 
0.25+0.05 010 ""505 




















0.89 min -035 min 
0.25 .010 





Vli2Z| SHAS l/-|Tio/7| o jojalpyse 
3 


Notes: : 

[1] Each lead centerline is located 
within 0.25 mm [.010 inch] of its 
true position [TP] at maximum 
material condition. 

[2] item “K” to center of leads when 
formed parallel. 


P24DH-100-400A 83-005012B, 


24-Pin Ceramic DIP (400-mil) 


Millimeters Inches 
33.02 max 1.30 max 
2.54 max -100 max 
2.54 [TP] 100 [TP] 
0.46+0.05 .018 + .002 
1.25 min .049 min . 
3.50 + 0.30 138 + .012 
0.51 min -020 min 
2.74 108 
4.57 max 180 max 
10.16 [TP] 400 [TP] 


10.0. - 394 


oso 0 28 Popoooncpood 


; 1.00 min ~ .039 min 
0.25 .010 
Notes: 
[1] Each lead centerline is located 
B | 


F 
within 0.25 mm [.010 inch] of its true 
position [TP] at maximum material D [<] 
condition. 
[2] Item “K” to center of leads when 


formed parallel. 





Di >|z 
3 






































c 
D 
F 
G 
H 
! 

J 

K 
L 
M 
N 
P 


| 


15° 





83-003579B 
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Package Drawings N: E Cc 


24-Pin Plastic SOJ (300-mil) 





Rem Millimeters 


+ 0.20 
16.13 * 595 


7.57 


8.47 + 0.20 


1.08 = 0.15 


0.6 
3.5 + 0.20 


x= @in) m 


2.4 + 0.20 


0.8 min 
26 
1.27 [TP] 


0.40 + 0.10 


0.12 

6.73 + 0.20 
0.15 
R085 


020" 0.06 


Cc jAfolvijzis jx~jel7 


24/20-Pin Plastic TSOP I 


item Nilllimeters 
6.0 + 0.2 
0.45 max 


0.5 (TP) 
0.20 + 0.10 
1.02 max 


15.0 +02 
14.4 +02 
0.8 + 0.2 


+0.10 
0.125 * 0-0 


0.5 + 0.1 


0.08 

0.10 

16.0 +0.2- 
0.05 + 0.05 
1.1 max 
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N: EC Package Drawings 


24-Pin Plastic SOP (Miniflat) (450-mil) 





Nilllimeters 
16.51 max 
1.27 max 
1.27 (TP) 
0.40 + 0.10 


+0.2 
~0.1 
2.5 max 
2.00 


12.2 +03 


8.4 
1.9 


0.1 


+ 0.10 


a 
E 


0.15 * oe 
0.9 + 0.2 A _ 


0.12 


49NR-613B (6/91) 


ltem Milllmeters 
31.75 max 
0.5 + 0.1 
0.25 
2.54 

1.27 

1.27 max 


1.0 min 
8.9 max 


2.8 +0.2 


10.16 max 


+ 0.10 
0.25 _ 0.05 


2.54 
3.3 + 0.5 


<!s}i < jol 2 [z/xiel—-/x/o] nm [> 





4ONR-642B (11/89) 
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Package Drawings NEC 


24-Pin Plastic ZIP (425-mil) 





Milllmeters 
31.75 max 


05 +0.1 


D025 
2.54 

1.27 

1.27 max 
1.0 min 
10.8 max 


28 +02 


12.07 max 


+0.10 
025 _ 0.05 


254 
3.3 +05 


Item 
A 
F 
G 
H 

I 
J 
K 
M 
N 
Q 
Vv 
Ww 
Y 





BINR-6160B (10/91) 


24-Pin Ceramic LCC 


Millimeters inches 
8.51 +0.4 .335 +.016 
-89 +0.2 "035 +.008 
5.14 -202 


> 











+.005 


64 +0.1 025 ‘004 





5.08 .200 

1.27 -050 

2.0 max .079 max 
8.51 +0.4 -335 +.016 
1.4 os 
1.02 040 

0.2R 


0.3R 




















B 
c 
D 
E 
F 
G 
H 
| 

J 

K 


r 








83-0035828 


NV: KE C Package Drawings 


24-Pin Ceramic Flatpack 


Item Millimeters Inches 
28.5 + 1.0 1.122 + .040 
9.6 378 
“C96  o8 | 
_G@162 0 A 


0420.1 016*-008 


1.27 (TP) 050 (TP) 


9.45 + 1.0 972 +.040 


+0.10 +.004 
0.154555 008 "oop 


0.25 010 





2.6 max -103 max 


Note: 


(1) Each lead centerline Is located 
within 0.25 mm (0.010 Inch) of 
Its true position (TP) at maximum 
material condition. 


X2AB-127A1 








29 


Package Drawings 


26/20-Pin Plastic SOJ (300-mil) 


Millimeters 


+0.2 


1A Cae 


7.57 


o |j9Ola 


8.47 + 0.2 


1.08 + 0.15 


0.6 5 
3.5 + 0.2 -138 + .008 


24 +02 094 * 008 


0.8 min .031 min 
2.6 -102 
1.27 (TP) .050 (TP) 


+ .004 
0.40 + 0.10 016 * Oo5 


0.12 

6.73 + 0.20 
0.15 

0.85 rad 


+0.10 
U 0.20 * 0.05 


ZI jAlel|—| XL [Min| m 


vu 
SIO1y 


* Item P to center of leads. 
P2BLA-GOA 


Item Millimeters 


+0.2 
17.4 595 


8.89 
9.78 + 0.2 


1.08 + 0.15 
06 
3.6 + 0.2 


2.45 +0.2 


0.8 min 
2.7 


0.40 + 0.10 
0.12 
8.06 + 0.20 
0.15 


0.85 rad 


+0.10 
0.20 _ 0.05 


* {tem P to center of leads. 
P26LB-360A 


30 


eae 
]]_yiyst |G 


NEC 


=, 
+ 


: ~~ z 
P 


40NR-€618 (9/91) 





N: KE Cc Package Drawings 


26/24-Pin Plastic SOJ (350-mil) 





Item Millimeters 


17.4 +02 gag + 008 


8.89 350 
9.78 +0.2 


1.08 + 0.15 043 + 906 


0.6 024 
+. 
3.6 +02 142 * Soy 


+ .009 
2.45 +0.2 096 * ‘os 


0.8 min .031 min 
2.7 -106 


+ 004 
0.40 + 0.10 016 * ‘Oo5 


0.12 005 


+ 008 
8.06 + 0.20 317 ~ 007 


0.15 


0.85 rad 


+0.10 
0.20 - 0.05 


* item P to center of leads. 
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Package Drawings 





26/20-Pin Plastic TSOP Il (300-mil) 


item Millimeters 
17.54 max 
1.18 max 
1.27 (TP) 
0.40 + 0.10 


0.05 + 0.05 
1.13 max 
1.0 

9.22 + 0.2 
7.62 + 0.1 


0.8 +0.2 


—-iZIM@inim; O |O|;oT> 


a 


+0.10 
0.14 ~ 0.05 


A 


0.5 +0.1 


0.21 
0.10 


H 
Enlarged detall . 
. of lead end F 
te, ‘Wein | 
E85 [ON | 


@3NR-74965B (0/01) 





28-Pin Plastic DIP (300-mil) #1 









Item  Millimeters Inches 
35.56 max 1.400 max 

1.27 max .050 max 

2.54 (TP) -100 (TP) 


0.50 +0.10  .c20 * 04 






















A 
B 
c 
4 — 005 
F 1.2 min .047 min 1 14 
Q@ 32 +03 126 + .012 [« ] 
H 0.51 min .020 min A 
I 4.31 max .170 max 
J 5.08 max .200 max 
K* 7.62 (TP) .900 (TP) 
L 67 264 
M 0.25 +010 oto + 008 
N 0.25 .010 
P 1.0 min .089 min 





* {tem K to center of leads B 
when formed parallel. 








[ce] Ln @ 


49NA-€21B (11/88) 
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N: E Cc Package Drawings 


28-Pin Plastic DIP (300-mil) #2 


item Millimeters inches 
35.56 max 1.400 max 

1.27 max .050 max 
2.54 (TP) 100 (TP) 


+ 004 
0.50 +010 .020 * ooe 


1.2 min .047 min 
$8.2 +03 126 x 012 
0.51 min .020 min 
4.31 max .170 max 
5.08 max 200 max 
* 7.62 (TP) 300 (TP) 
7.25 286 


+0.10 + 004 
M 025 ~o.05 10 ~ ‘093 


N 025 010 
P 1.0 min 039 min 


* Item K to center of leads B 
when formed paraftel. 


A 
B 
Cc 
D 
F 
G 
H 
! 
J 


-|% 


[ec] BL_w @) 





63NR-7521B (12/90) 


28-Pin Plastic DIP (400-mil) 


item _Millimeters inches 
A 85.56 max 1.400 max 
B 1.27 max .050 max 
Cc 2.54 (TP) -100 (TP) 
D 0500.10 .c20 * 008 
F 1.1 min 043 min 

ac) 35 +03 138 + 012 
H 0.51 min 020 min 
| 4.31 max -170 max 
J 5.72 max 226 max 


K* 10.16 (TP) _.400 (TP) 


when formed parallel. 


ae (TTI 


D 





Package Drawings 





28-Pin Plastic DIP (600-mil) 


Millimeters 
38.10 max 
2.54 max 
2.54 (TP) 
0.50 + 0.10 


1.2 min 
3.6 +0.3 
0.51 min 
4.31 max 
5.72 max 
15.24 (TP) 
13.2 
0.25 
0.25 


* Item K to center of leads 
when formed parallel. 


Lc] 


+0.10 
~ 0.05 


A 
B 
Cc 
D 
F 
G 
H 
i 
J 
K* 
L 
MM 
N 


Inches 
1.500 max 
-100 max 


.100 (TP) 


+ .004 


020 _ ‘005 


.047 min 
+142 + 012 


020 min 
-170 max 
226 max — 


600 (TP) 
520 
004 


+. 
010 * oo 
010 


F 


F 
RC) 





49NR-514B (6/91) 


Package Drawings 





28-Pin Cerdip (400-mil) #1 


Millimeters Inches 

38.10 max 1.50 max 
2.54 max 100 max 
2.54 [TP] -100 [TP] 


> 











+.004_ 
0.50010 — .020 7-008 


1.20 min -047 min 
3.50 + 0.30 138 + .012 
0.51 min .020 min 
4.00 157 

5.08 max -200 max 
10.16 [TP] -400 [TP] 
9.65 .380 


























+.002 
0.25 + 0.05 010 _ "993 = 


0.89 min .035 min onan 
0.25 .010 








B 
Cc 
D 
F 
G 
H 
1 
J 
K 
L 
M 
Pp 
re 


Notes: 
[1] Each lead centerline is located 
within 0.25 mm [.010 inch} of its true 
position [TP] at maximum material 
condition. 
[2] Item “K” to center of leads when 
formed parallel. 
P28DH-100-400A 83-005015B 











Package Drawings 





28-Pin Cerdip (400-mil) #2 


Millimeters _ inches 
38.10 max 1.500 max 

2.54 max _—.100 max 

2.54 (TP) _.100 (TP) 


+ 004 
0.50 0.10 020 * O08 


1.20 min .047 min 
3.5 +0.3 138 + .012 

0.51 min .020 min 

4.00 187 

§.08 max 200 max 

10.16 (TP) 400 (TP) 

9.65 380 


+ .002 
0.25 + 0.05 .010 ~ 003 


0.25 010 | 
P 0.89 min 035 min 


* Item K to center of leads 


Xig@in}{| Oo o|a|>1F 


* 


Ale f— 


2) = ir 


when formed parallel. 


ca 
are 
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iD Cc Package Drawings 


28-Pin Ceramic Flatpack 


tem Millimeters 
17.5 
9.84 
29.0 
0.50 


0.43 


9.58 





28-Pin Plastic SOJ (300-mil) 


Item Millimeters 


+02 
18.67 0.35 


7.57 


0 jO}] @ 


8.47 «0.2 


1.08 + 0.15 


0.74 
3.5 + 0.2 


2.4 +02 


0.8 min 
2.55 ; 
1.27 (TP) 050 (TP) m 
ON ei el 
040 +010  .o16 +004 U 
—.005 ay 
Ny 


x i@|/n) m 


! 
J 
K 


zis 


0.12 .005 
6.73. + 0.20 .265 + .008 
0.1 004 
0.85 rad .033 rad 
71 ee Lx ] 
U 0.20 + 0.10 008 + 004 
“<\ = 0.05 — .002 


+]o/% 


* Item P to center of leads. ; 
P2BLA-300A 83NR-76208 (12/90) 





37 


Package Drawings N: EC 


28-Pin Plastic SOJ (400-mil) 





Millimetere 


+0.20 


18.67 * 035 


10.16 
11.18 + 0.20 


1.08 + 0.15 
06 
35 +0.2 


xr); @Q {Ini m 


2.4 +0.2 
0.8 min 
26 

1.27 (TP) 
0.40 + 0.10 
0.12 

9.40 + 0.20 


0.15 
0.85 rad 


ajo} 7 jz} = jalej=- 


Cc 


* Item P to center of leads. 
P2BLA-400A~1 


Milllmeters 


+0.20 
18.67 * 935 


10.16 
11.18 + 0.20 


1.08 + 0.15 
0.7 
3.5 +0.2 


x} jn|m 


24 +0.2 
0.8 min 
2.6 
1.27 (TP) 
0.40 + 0.10 
0.12 

9.40 + 0.20 
0.15 


0.85 rad 


+0.10 
0.20 _ 0.05 


* Item P to center of leads. 


UVilzi = [xzlel- 


c |+4)/9 


P281.B-400A1 
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NV KE Cc Package Drawings 


28-Pin Plastic TSOP If (400-mil) 


tem Millimeters Inches E == ome Enlarged detail 
18.81 max .741 max of lead end 
Bo 4.45 max 046 max __ 
_G 427 (7P) 050 (TP) __ 
0.40 + 0.10 016 + .004 
0.05 + 0.05 002 + .002 
1.10 max .044 max 
0.97 .038 
11.76 + 0.2 463 + .008 
10.16 + 0.1 400 + .004 
0.8 +0.2 .031 + .008 


+0.10 + .004 
0.14 0.05 006 ~ ‘003 


+ 004 
05 +0.1 .020 005 


OD |> 


0.21 009 
0.10 004 


D 
E 
F 
G 
H 
| 
J 
K 
L 
M 
N 





28/24-Pin Plastic TSOP Il (400-mil) 


Item Millimeters Inches : Q Enlarged detail 
A 18.81 max .741 max of lead end 
_B1.45 max 045 max _ 
—& _427(7P)__.050 (TP) _ 
0.40 + 0.10 016 + .004 
0.05 + 0.05 002 + .002 
1.10 max 043 max 
0.97 .038 
11.76 + 0.2 463 = .008 


0.8 +0.2 .031 + .008 


+0.10 + 004 
0.125 005 * ‘002 


05 +0.1 020 + .004 
0.21 008 
0.10 004 


— 0.05 


D 
E 
F 
G 
_H 1476202 463 = .008_ 
J 
K 
L 
M 
N 





S26G5-50-7UDt 83RD-6157B (10/91) 
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Package Drawings NV. E C 


28-Pin Plastic SOP (Miniflat) (450-mil) #1 





Millimeters Inches 
19.05 max - 750 max 
1.27 max 050 max 
1.27 (TP) .050 (TP) 
0.40 +0.10 016 * 008 


005 
+0.2 + .008 
0.1 O14 004 _ "004 


2.5 max .099 max 


2.00 079 


+012 
11.8 +0.3 465 * 15 


8.4 . 331 
1.7 067 


+ 0.10 + .004 
0.15 _o195 ——-008 _ ‘99 
07 +02 02g * -008 


—.009 
0.12 005 


4ONR-623B (12/91) 





Item Millimeters Inches 
19.05 max 750 max 
1.27 max .050 max 
1.27 (TP) .050 (TP) 


040 +010 016 *:004 


0.1 +01 004 * 005 


3.0 max 


2.55 -100 
11.8 +03 


84 331 
17 067 


+0.10 + 004 
0.15 0.05. 006 ~ ‘002 


: + .008 
“0.7 + 0.2 028 _ ‘09 


0.12 005 





49NR-695B (11/80) 


40 


Package Drawings 


NEC 


28-Pin Plastic ZIP (350-mil) 


Inches 


1.450 max 


Item _‘Nilllimeters 


36.83 max 


A 


28 +0.2 


N 
Q 
Vv 


10.16 max 400 max 


+0.10 
0.25 0.05 


2.54 


+1 
So 
Dad 
bd 


-100 


Ww 
Y 


-130 + .020 


33 +0.5 
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Package Drawings NV KE C 


32-Pin Plastic DIP (300-mil) 





Item Millimeters inches 
40.64 max 1.600 max. 
1.27 max .050 max 
2.54 (TP) -100 (TP) 


+ 004 
050 + 0.10 .020 ~ 005 


1.2 min .047 min 
3.2 +0.3 -126 + .012 
051 min .020 min 
4.31 max -170 max 
5,08 max -200 max 
7.62 (TP) 300 (TP) 
7.25 285 


+0.10 + .004 
025 905 910 _ ‘og 


0.25 01 
1.0 min .039 min 


* ttem K to center of feads 
when formed parallel. 


L«] 


= 


ITIOiny; 9 [O;wl> 


* 


Alejo 





vl2| = |r 


ah 


Le] 
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N: ix c Package Drawings 


32-Pin Plastic DIP (600-mil) 


item Millimeters Inches 
40.64 max 1.60 max 
1.27 max .050 max 


2.54 [IP] 100 [TP] 


0.50+0.10 020+ 008 


1.1 min .043 min 
3.2 + 0.30 126 + .012 
0.51 min 020 min 
4.31 max -170 max 
§.08 max -200 max 

15.24 [TP] 600 [TP] 
13.2 520 
0.25700 DAO ona 
0.9 min 035 min 
0.25 .010 


O/B /> 


D 
F 
G 
H 
t 

J 

K 


= ir 





83IH -6818B (989) 


32-Pin Ceramic DIP (600-mil) 


tem _Millimeters Inches 
43.0532 .127 1.7 + 0.01 
14.99 + .254 59 + 0.10 
9.78 max .385 max 
0.254 + .127 010 + .005 
2.54 [TP] -100 [TP] 
0.508 + .127 02 + .005 
1.27 + .381 05 + .015 
10.287 max .405 max 


3.81 + 635 15 + 025 
0.254 + .076 01 + .003 
15.37 + .381 605 + .015 


Kl[Sl— | LjOlyn[M/O/O wip 








Package Drawings NEC 


32-Pin Plastic (F R-4) DIP (600-mil) 


ttem _Mililimeters inches 
A 58.47 +0.13 2.105 + .005 

15.24 600 
2.54 [TP] -100 [TP] 

0.47 + 0.12 .019 + .005 

1.02 .040 . 
5.84 max .230 max Somme.) 
2.54 min -100 min i _ UU 

7.62 300 oe y 

0.38 min .015 min 

0.28 + 0.08 .011 + .008 


O;a 


D 
E 
F 
G 
H 
I 
J 





32-Pin Plastic SOJ (300-mil) 


Item Milllmeters Inches 
+0.3 + .009 
B 21.21 * 35 835 * O44 
757 298 
847 +02 333 + 009 


+ 006 
— .007 


o ja 


1.08 + 0.15 043 


0.74 029 
35 +02 138 + 006 


24 +02 ogg + 008 


08 min .031_ min 
255 -100 . 


+ 004 
040 +0.10 016 * 05 


0.12 
6.73 + 0.20 
0.1 


eT eT rs OE) 


= iDin|m 


t 
J 
K 


c j7jo|F\2] = 


+0.10 
020 _ 0.05 


* Item P to center of leads. 
P82LA-S00A 





N: KE C Package Drawings 


32-Pin Plastic SOJ (400-mil) #1 





ttem  Millimeters Inches 
B 21.01 + 0.15 827 + .006 


C 10.16 +0.05  .400 + .002 
D 11.18 +010 440 + .004 
F 0.74 +0.10 029 + .004 
G 35 +0.10 138 + .004 
H 1.445 +0.025 057 + .001 
J 26 102 

K 1.27 (TP) 050 (TP) 
L 0.955 +0.025  .038 + .001 
M 0.40 + 0.05 016 + .002 
P* 9.40 +0.15 870 + .006 
T 0.85 0.10 rad .033 + .004 rad 
U 0.22 + 0.05 009 + .002 


* item P to center of leads. 





32-Pin Plastic SOJ (400-mil) #2 


Millimeters 


+0.20 
B21 tee 


10.16 
11.18 + 0.20 
1.08 + 0.15 
0.6 

3.5 

2.545 +0.2 
0.8 min 
26 

1.27 (TP) 
0.40 + 0.10 
9.40 + 0.20 
0.15 

0.85 rad 


* item P to center of leads. 





45 


Package Drawings 





32-Pin Plastic TSOP | #1 


Item 


A 
B 
Cc 
D 
G 
H 
! 
J 
K 
L 
M 
N 
P 
Q 
s 


s 


Milllmeters 
8.0 + 0.05 
0.45 max 
0.5 + 0.08 
0.2 +0.1 
0.97 

20 + 0.15 
18.4 + 0.05 
0.8 +0.1 
0.125 + 0.01 
05 

0.08 

0.1 

19.0 + 0.2 
0.08 + 0.08 
1.1. max 


Enlarged detail 
of lead end 


G 


Inches 
815 + 002 
.018 max 
020 + .003 
008 + .004 
038 
.787 + .006 
724 + 002 
031 + .004 
005 
020 
003 
004 
748 + 008 
003 + .003 
043 max 


32-pin Plastic TSOP | #2 


tem 


0.5 (TP) 020 (TP) 


46 


Millimeters 
82 max 
0.45 max 


0.20 + 0.10 
1.05 


15.3 +02 

13.7 

0.8 +0.2 
+0.10 


0.125 * O65 


0.5 +0.1 


0.08 

0.10 

14.3 +02 
0.05 + 0.05 
1.27 max 


Inches 
323 max 
018 max 


.008 + .004 
041 


+ .009 
602 _‘oog 


539 

031 + .009 
+ .004 

005 _ ‘001 
+ .004 

020 * 005 

.003 

.004 


NEC 





40NR-7378 (11/01) 


Enlarged detail 
of lead end 


aa 


Q 5S +5° 





4QNR-GO1B (11/81) 


N. KE Cc Package Drawings 


32-Pin Plastic TSOP Il (400-mil) 





Enlarged detail 
tem Millimeters Inches B H i a of lead end 


21.16 max 833 max 

1.06 max 042 max 
1.27 (TP) 050 (TP) 

0.40 + 0.10 016 + .004 

0.05 + 0.05 .002 + .002 

1.10 max 043 max 

0.97 038 

11.76 +0.2 

10.16 +0.1 

0.8 +0.2 


+0.10 
0.125 * ho5 


O/B |> 


0.5 + 0.1 
CLI Iii iinet ee 


Z| ri x jef—-[zlal{[nimi|o 


0.10 


Millimeters 
20.61 max 
0.78 max 
1.27 [TP] 


+0.10 
0.40 0.05 


0.05 +0.05 
2.85 max 
2.7 

14.1 40.3 
11.3 

1.4 


40.10 
0.20_ 05 


item 
A 
B 
Cc 
D 
E 
F 
G 
H 
1 
J 
K 


0.8 +0.2 
M 0.12 


S32GM-50-625A-1 
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Package Drawings | | NV. E C 


32-Pin Surface Vertical Package (SVP) 





tte Mililmeters 
A 25.0 
B 11.0 
Cc 0.5 
D 0.32 
E 
F 
G 
H 
! 
J 
K 


24.10 
1.25 
3.80 
0.52 
0.90 
0.75 
0.65 


pala 
Enlarged nA | zl 





36-Pin Plastic SOJ (400-mil) 


item _—‘Milimeters Inches 
B 2355+015  .927 + .006 
C 1016 +005  .400 + .002 
D 1118 +010 440 +.004 
F 0.74 + 0.10 029 + .004 
G 35 +0.10 138 + .004 — 
H 1.445 + 0.025 .057 + .001 
J 26 1020 
K 1.27 (TP) 05 


L 0.955 + 0.025 0376 + .001 
M_ 0.40 + 0.05 .0157 + .002 
P* 9.40 + 0.15 87 + .006 
T 0.85 +0.10 rad .033 + .004 rad 
U 0.22 + 0.05 .009 + .002 

* Item P to center of leads. 
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NEC 


40-Pin Plastic DIP (600-mil) 


Hem Millimeters 


A 53.34 max 


B 15.24 [TP] 600 [TP] 


13.2 
5.72 max 
4.31 max 
3.6 +0.3 
2.54 max 
2.54 
1.2 min 
0.51 min 
0.50 +0.10 
1 
ons 


0.25 


Cc 


Inches 
2.100 max 


520 

225 max 
.170 max 
142 +.012 
.100 max 
100 

047 min 
020 min 
020 +.004 

+. 

o10 78 


010 


40-Pin Plastic SOJ (400-mil) 


Package Drawings 





Item Millimeters Inches 


+ .02 


10.16 
11.18 +02 


1.08 + 0.18 


0.7 
3.5 +0.2 


24 +0.2 


0.8 min 
2.6 

1.27 (TP) 
0.40 + 0.10 


0.12 

9.40 + 0.20 
0.15 

0.85 rad 


+0.10 
0.20 _ 0.05 


B 
Cc 
D 
E 
F 
G 
H 
u 
J 
K 
M 
N 
p* 
Q 
T 
U 


26.29 _ (035 


+ .008 
1.035 _ ‘O14 


400 
440 + .008 


* item P to center of leads. 


P40LE-400A 


u 





49NA-700B (7/91) 
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Package Drawings NV. E Cc 


40-Pin Plastic ZIP (400-mil) 





Rem Nilllimeters Inches 


+0.05 + 0.002 
50.98 9.95 7:07 _oo14 


14.0 + 0.2 0.20 + 0.002 
20.25 0.010 
1.27 +0.1 0.050 + 0.004 
0.9 min 0.035 min 
10.29 + 0.05 0.405 + 0.002 
28 +0.05 0.110 + 0.002 
11.5 +0.15 0.453 + 0.006 


+0.1 + 0.004 
25 6.05 9910 _oo02 


2.50 + 0.1 0.098 + .004 
$3.25 +0.15 0.128 + .006 


> 


<{S| < jo/z/z/xj—-Join 


83RD-7780B (6/91) 


litem _‘Millimeters inches 
A $6.83 max 1.450 max 


0.4 +01 O16 + .004 


0.2 .008 
1.778 .070 
0.889 035 
1.016 040 
1.0 min 

10.50 max 


2.2 +0.2 
11.70 max 
0.25 +0.10 


- 0.05 
1.778 
3.108 


<|/s/ < jO| 2 (S/A]¢/-{=T/@| a 
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N. KE C Package Drawings 


42-Pin Plastic SOJ (400-mil) 





ttem  Milllimeters Inches 


+ .008 
1.08 "014 


400 
11.18 +020 440 + .008 
1.08 + 0.15 043 + .006 
0.6 024 
$3.5 + 0.20 138 + .008 
2.545 + 0.2 100 + .008 
0.8 min .031 min 
2.6 -102 
1.27 (TP) .050 (TP) 
0.40 + 0.10 016 + .004 
9.40 + 0.20 870 + .008 
0.15 006 
0.85 rad 033 rad 


+ .004 
008 * ‘002 


Cc 
D 
E 
FE 
G 
H 
I 
J 
K 
M 
P 
Q 
T 


Cc 


* Item P to center of leads. 





83Y1-90248 (9/02) 


44-Pin Plastic SOJ (400-mil) 









Item Millimeters Inches 







B 28.89 * 020 1.195 * 008 
Cc 10.16 “400 

D 1148202 440 =.008 
E 1.08 20.15  .043 = .008 
F 06 024 

G 3.5 + 0.2 .138 + .008 
H 24202 094 + .008 
! 0.8 min .031 min 

J. 26 102 

K 1.27 (TP) __.050 (TP) 
M040 +010 016 + .004 
N 0.42 005 

P* 940 +0.20 _.370 + .008 
Q 0.15 006 

T 0.85 rad 033 rad 
v0 2819 000 








* Item P to canter of leads. 
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Package Drawings N: E Cc 


44/40-Pin Plastic TSOP Il (300-mil) 





Item Willlimeters Inches 
A 18.81 max .741 max 
1.04 max 041 max 
0.8 typ. .031 typ. 
0.3 +0.1 .012 + .004 
0.05 + 0.05 .002 + .002 
1.13 max .044 
1.0 typ. 039 
9.22 + 0.2 363 + .008 
7.62 + 0.2 300 + .008 


0.8 + 0.2 031 + .008 


+0.1 + .004 
0.14 ~0.05 006 ~ 002 


0.6 +0.1 .020 + .004 
0.21 .008 
0.1 004 


Oj;oD 


Oinjmjo 


Z2iSiri xz je j—|(=z 


|» Blew] 
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NEC 


Package Drawings 





44-Pin Plastic TSOP Il (400-mil) #1 


item 


0 {O/;o 


E 
F 
G 
H 
| 
J 
K 
L 
M 
N 


Enlarged detail 
of lead end 


Millimeters 
18.41 +0.1 
1.0 max 
0.8 + 0.1 


+0.10 
0.35 * 0.05 


+ 0.10 
0.05 ~ 0.05 


1.2 max 
0.97 

11.76 + 0.2 
10.16 + 0.1 
0.8 + 0.2 


+ 0.05 
0.125 _ 0.02 


0.5 + 0.1 
0.13 
0.1 


Inches 

725 + 004 
.039 max 
031 + .004 


+ 004 
— .002 


+ .004 
— .002 


.047 max 
004 

463 + .008 
400 + .004 
.031 + .008 


+ .002 
005 _ ‘001 


020 + .004 


014 


002 








Package Drawings N: EB C 


44-Pin Plastic TSOP Il (400-mil) #2 





Hem Millimeters Inches 
A 18.81 max .744 max 
B 1.00 max .039 max 
Cc 


0.8 (TP) 031 (TP) 


D 0.30 + 0.10 O12 + .004 

E 0.05 + 0.05 002 + .002 

F 1.10 max 043 

G 0.97 038 
H 11.76 + 0.2 
I 
J 
K 
L 
M 
N 


10.16 + 0.1 400 
0.8 + 0.2 


+0.10 
- 0.05 


0.5 + 0.1 
0.13 
0.1 


0.125 


Enlarged detail 
of lead end 


ES ES aE ee EE Ee EE EET 
A 





NV. KE C Package Drawings 


44-Pin Plastic TSOP Il (400-mil) #3 





Item Millimeters Inches 
A 18.37 + 0.05 -723 + .002 


+0.05 * .002 
0.885 9425 055 _ ‘005 


B 


D is + 0.08 012 + .004 
E 0.04 + 0.04 -002 + .002 

F 1.01 + 0.06 040 + .002 
G 0.97 + 0.05 
H 11.76 +0.2 
l 10.16 + 0.1 


0.8 + 0.2 


+0.10 
K 0.125 ~0.05 


0.5 +01 


0.13 
0.08 


Enlarged detail 
of lead end 


>. Bw 


83CL-9086B (10/92) 
















Enlarged detall 
Rem Millimeters Inches of lead end 

A 21.11 + .05 831 + .002 

Cc 0.8 + 0.05 031 + .002 

D 0.3 + 0.08 012 + .003 

E 0.05 + 0.05 002 + .002 

F 1.10 max 043 max 

G 0.97 038 

H 11.76 +02 463 + .008 

l 10.16 + 0.1 400 + .004 

J 0.8 +02 031 + .008 

K 0.125 +910 ggg +-008 





= 0.05 
05 +0.1 020 * 004 





r 





83CL-9081B (9/92) 
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Package Drawings N’ E Cc 


50/44-Pin Plastic TSOP I! (400-mil) 





ee a ee ee "Enlarged detall 
item Millimeters inches aM Bans Male SaRsmals of lead end 


A 21.45 max 844 max 
B 1.06 max 042 max 
Cc 0.8 (TP) 031 (TP) 
D 0.30 + 0.10 012 + .004 
E 0.05 + 0.05 002 +:.002 
F 1.10 max 043 max 
G 0.97 038 
H 11.76 +0.2 
t 10.16 + 0.1 
J 0.8 + 90.2 
K 
L 
N 


+0.10 
-— 0.05 


0.5 +0.1 


0.125 


0.10 
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N. E Cc Package Drawings 


52-Pin Plastic LCC 





Millimeters 
20.1 +0.2 
19.12 753 
19.12 753 
20.1 +0.2 791 +.008 
1.94 +0.15 076 +.006 
0.6 024 
4.4 +0.2 -173 +.008 
2.8 +0.2 -110 +.008 
0.9 min 035 min 
3.4 134 

1.27 (TP) 050 (TP) 
0.40 +0.10 016 +.004 
0.12 005 
18.04 +0.20 710 +,008 
0.15 006 


0.8 radius .031_radius 


+0.10 
0.20 "0.05 


Be |= |x |o [a |m Jo [0 [ow |> 1 


M 
N 
Pp 
Q 

‘T 
U 


Lies sore seen eaen ss 
TT) 


A 


rN 
iN 








57 


Package Drawings N: KE Cc 


64-Pin Plastic QFP 





item Miilimeters inches 
A 23.6 + 0.4 929 + .016 


+ .009 
— .008 


14.0 +0.2 551 * 009 


17.6 +0.4 693 + .016 
1.0 .039 
1.0 039 


20.0 +0.2 795 


+ 004 
0.40 + 0.10 016 * O95 


0.20 008 
1.0 (TP) 039 (TP) 


+ .008 
18 +0.2 O71 * O09 


0.8 «0.2 031 + 009 


+ 0.10 + 004 
~ 0.05 006 _' 


0.15 006 


0.15 


2.7 106 


0.1 + 0.1 t Enlarged detall of lead end 
0.1 +0.1 


3.0 max : P 


Wut, oF 
lleel 
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NV. KE Cc Package Drawings 


68-Pin Plastic LCC 


Item Miliimeters 

A 25.2 +0.2 

B 24.20 953 

Cc 24.20 953 

D 25.2 +02 992 +.008 
E 


1.942015 076 +O? 


0.6 024 


+.009 


4440.2 173 Ne 


2.8 40.2 Alors 
0.9 min 035 min 
34 194 


0.402010 016 00" 


RK Ie | 


0.12 005 
23.1220.20 910 +008 
0.15 006 


0.8 radius .031 radius 


+0.10 
0.20 "0.05 


M 
N 
P 
Q 
= 
U 


tt i MTA 
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Package Drawings N: E Cc 


NEC 


NEC 


NEC 





NEC 


NEC 


NEC 


NEC 


NEC 


Field Sales Offices 


E 





Northern California Region 
4677 Old lronsides Dr. 

Suite 450 

Santa Clara, CA 95054 

TEL: 408-986-1020 

FAX: 408-988-4165 


Western Region 


One Embassy Centre 
9020 S.W. Washington 
Square Road 

Suite 400 

Tigard, OR 97223 
TEL: 503-671-0177 
FAX: 503-643-5911 


Encino Office Park Two 
6345 Balboa Blvd. 
Suite 240 

Encino, CA 91316 

TEL: 818-342-3112 
FAX: 818-342-0842 


200 E, Sandpointe 
Bldg. 8 

Suite 150 

Santa Ana, CA 92707 
TEL: 714-546-0501 
FAX: 714-432-8793 


14001 East lliff Avenue 
Suite 411 

Aurora, CO 80014 
TEL: 303-755-6353 
FAX: 303-755-6728 


International 


EUROPE 


NEC Electronics 
European Headquarters 
Oberrather Str 4 

4000 Dusseldolf 30 
Germany 

TEL: 211-650301 

TWX: 8589960 

FAX: 211-6503327 


NEC Electronics 
(Benelux) 
Boschdijk 187A 
NL-5612 Eindhoven 
Netherlands 

TEL: 40-455-845 
TLX: 51923 

FAX: 40-444-580 


NEC Electronics (Germany) 
GmbH 
Headquarters 


Kanzlerstr. 2. 

4000 Dusseldorf 30 Germany 
TEL: 211-650302 

TLK: 858996-0 

FAX: 211-6503490 


Central Region 

1500 West Shure Drive 
Suite 250 

Arlington Heights, IL 60004 
TEL: 708-577-9090 

FAX: 708-577-2147 


Auto Sales & Tech. Center 
Regent Court 

16800 Executive Plaza Drive 
Suite 143 

Dearborn, MI 48126 

TEL: 313-336-5225 

FAX: 313-336-7922 


201 W. Big Beaver Road 
Suite 350 

Troy, MI 48084 

TEL: 313-680-0506 
FAX: 313-680-1015 


7760 France Ave. South 
Suite 1015 

Minneapolis, MN 55435 
TEL: 612-844-0209 
FAX: 612-844-0509 


EUROPE (cont) 


Hannover Office 
Koenigstr. 12 
3000 Hannover 1 
Germany 

TEL: 511-316091 
TLK: 9230109 
FAX: 511-3481703 


Munich Office 
Arabellastr 17 
8000 Munchen 81 
Germany 

TEL: 89-9210030 
TLK: 522971 

FAX: 89-92100315 


Suttgart Office 
Heibornnerstr. 314 
7000 Stuttgart 30 
Germany 

TEL: 711-890910 
TLK: 7252220 
FAX: 711-8909119 


Central Region (cont) 


1105 Schrock Road 
Suite 515 

Columbus, OH 43229 
TEL: 614-436-1778 
FAX: 614-436-1769 


30050 Chagrin Blvd. 
Suite 120 

Pepper Pike, OH 44124 
TEL: 216-831-0067 
FAX: 216-831-0758 


16475 Dallas Parkway 
Suite 380 

Dallas, TX 75248 
TEL: 214-931-0641 
FAX: 214-931-1182 


20515 SH 249 
Suite 440 

Houston, TX 77070 
TEL: 713-320-0524 
FAX: 713-320-0574 


EUROPE (cont) 


NEC Electronics 
(Scandinavia) 
Svardvagen 25B 
$-182 33 Danderyd 
Sweden 

TEL: 8-753-6020 
TLX: 13839 

FAX: 8-755-3506 


NEC Electronics (UK) Ltd. 
Headquarters 

Cygnus House Sunrise 
Park Way 

Milton Keynes MK14 6NP 
United Kingdom 

TEL: 908-691133 

TLK; 826791 

FAX: 908-670290 


Dublin Office 

34/35, South William Street 
Dublin 2, Ireland 

TEL: 1-679-4200 

FAX: 1-679-4081 


Motherwell Office 
Block 3 Carifin 
industrial Estate 
Motherwell ML1 4UL 
Scotland 

United Kingdom 
TEL: 698-732221 
TLK: 777565 

FAX: 698-833868 


Eastern Region 


901 Lake Destiny Drive 
Suite 320 

Maitland, FL 32751 
TEL: 407-875-1145 
FAX: 407-875-0962 


The Centre at Stirling 
and Palm 

9900 Stirling Road 
Suite 206 

Cooper City, FL 33024 
TEL: 305-436-8114 
FAX: 305-436-8116 


6625 The Corners Parkway 
Suite 250 

Norcross, GA 30092 

TEL: 404-447-4409 

FAX: 404-447-8228 


One Natick Executive Park 
Natick, MA 01760 

TEL: 508-650-4100 

FAX: 508-655-1605 


2000 Regency Parkway 
Suite 455 

Cary, NC 27511 

TEL: 919-460 -1890 
FAX: 919-469-5926 


EUROPE (cont) 


NEC Electronics 
(France) S.A. 


9, rue Paul Dautier-BP187 
78142 Velizy-Villacoublay 
Cedex, France 

TEL: 1-3067-5800 

TLX: 699499 

FAX: 1-3946-3663 


Madrid Office 


Juan Esplandiu 15 
28007 Madrid, Spain 
TEL: 1-504-2787 
TLX: 41316 

FAX: 1-504-2860 


NEC Electronics 
Italiana s.r. 

Via Fabio Filzi 25/A 
20124 Milano, Italy 
TEL: 2-6709108 
TLX: 315355 

FAX: 2-66981329 


ASIA 


NEC Electronics 
Hong Kong Limited 
12th Floor, City Plaza 4 
12 Taikoo Wan Road, 
Hong Kong 

TEL: 866-9318 

FAX: 886-9022 


Eastern Region (cont) 
200 Perinton Hills 
Office Park 

Fairport, NY 14450 
TEL: 716-425-4590 
FAX: 716-425-4594 


300 Westage Business Center 
Suite 280 

Fishkill, NY 12524 

TEL: 914-897-2101 

FAX: 914-897-2215 


8 Neshaminy Interplex 
Suite 105 

Trevose, PA 19053 
TEL: 215-244-8196 
FAX: 215-244-9071 


One Windsor Plaza 
7535 Windsor Drive 
Suite B101 
Allentown, PA 18195 
TEL: 215-391-9094 
FAX: 215-391-9107 


ASIA (cont) 


Seoul Branch 

Room 501, Korea Air Terminal 
Bidg. 159-1 

Samsung-Dong, Kangnam-Ku 
Seoul, the Republic of Korea 
TEL: 2-551-0450 

FAX: 2-551-0451 


NEC Electronics Taiwan Ltd. 


7F. NO, 363 Fu Shing North 
Road 

Taipei, Taiwan 

TEL: 2-719-2370 

TLX: 22372 

FAX: 2-719-5951 


NEC Electronics 
Singapore Pte. Ltd. 


101 Thomson Road 
#04-02/05 

United Square, 
Singapore 1130 
TEL: 253-8311 
FAX: 250-3583 


NEC 


NEC Electronics Inc. 





CORPORATE HEADQUARTERS 


401 Ellis Street 

P.Q. Box 7241 

Mountain View, CA 94039 
TEL 415-960-6000 


For literature, call toll-free 7 a.m. to 6 p.m. Pacific time: 
1-800-366-9782 
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